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Preparation of cellulose nanofibers (CNFs).

The microfibrillated cellulose (2 g) was first dispersed in deionized water (400 ml)
containing TEMPO (0.032 g) and sodium bromide (0.2 g). The oxidation reaction was
started by adding the desired amount of the NaClO solution (10 mmol per gram of
MFC) dropwise into the dispersion at room temperature under continuous stirring.
During the oxidation process, the pH was maintained at 10 by adding 0.5 M NaOH
using a pH stat until no decrease in pH was observed. The TEMPO-oxidized cellulose
was thoroughly washed with deionized water by filtration until the filtrated solution
was neutral. After the treatment, approximately 0.3 wt% TEMPO-oxidized cellulose
suspension was sonicated for 15 min at power of 300 W in an ice bath. Cellulose
nanofibers dispersion was achieved by centrifugation at 10000 rpm for 10 min to
remove the unfibrilated cellulose. The cellulose nanofibers dispersion was stored at

4°C before used.

Preparation of graphene oxide (GO) nanosheets.

Firstly, graphite (2 g) and NaNO; (1 g) were mixed together and cooled to 0 °C.
H,S04 (98 %, 50 ml) was added to the mixture and stirred uniformly, then KMnO4 (6
g) was slowly added over 1h. The reaction temperature was kept at 0 °C for 2 h. After
removal of the ice-bath, the reaction was heated to 35 °C and stirred for 30 min.
Deionized water (100 ml) was added slowly to the mixture while maintaining the
reaction temperature at 98 °C for 3h. The mixture was then allowed to cool, 5 % H,0,
(50 ml) was added to the mixture with continuous stirring at room temperature. The
color of the mixed solution changed to golden yellow. The graphite oxide was washed
and centrifuged with deionized water repeatedly to remove residual salts and acids.
To exfoliate graphitic oxide into graphene oxide, the mixture was treated with

ultrasonication for 30 min.
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Fig. S1 SEM images of original microfibrillated cellulose (a), cellulose nanofiber (b) and graphene

oxide nanosheets (c).

Fig. S2 Photographs of RGO/CNF composite films with different RGO contents of 1 wt%,5 wt%, 10
wt%, 20 wt%, 30 wt%, 40 wt%, and 50 wt%, which were made by filtering reduced graphene

oxide/CNF emulsions.



Fig. S3 Scanning electron microscopy images of fracture surfaces of RGO film (a) and CNF/RGO-50

composite film (b, ¢). The arrow points to cellulose nanofiber.
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Fig. S4 Photographs showing the water contact angle of CNF film,CNF/RGO-50 and RGO film (a),
and variation of electrical conductivity of the CNF/GO-50 films with time as a result of 45% HI acid
reduction at 80°C (b).
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Fig. S5 (a, b) XPS spectra and variation of the C/O atomic ratio of the neat CNF film and hybrid films
of before and after reduction by hydroiodic acids. (¢, d) X-ray photoelectron spectroscopy data of the
carbon signatures for (¢) CNF/GO-40 composite film and (d) CNF/RGO-40 composite film.
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Fig. S6. Raman spectra of GO, RGO, CNF/GO-50, CNF/RGO-50, CNF/GO-40 and CNF/RGO-40

films with a laser of 532 nm.
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Tab. S1 EMI SE of carbon-based polymer composites in the X-band frequency range

Materials Thickness Concentration EMISE Ref
(mm) (dB)
MWCNT/PC 1.15 0.5-5)wt% 020 1
MWCNT/Cellulose 2.5 (1-10) wt%  8.2-22.5 2
MWCNT/WPU 0.05  (0-762)wt% 024 3
MWCNT/PP 034  (I-114)vol% 122 *
2.8 (1-5) vol% 2-24 4
MWCNT/PS 2 (1-20) wt% 560 5
MWCNT/PTT 2 (0-4.76)vol% 122 6
MWCNT/ABS 11 0515 wt%  9-50 7
MWCNT/WPU 1 (0-762)wt%  0-21.1 8
Foam
CB/ABS 11 Q515 wt% 222 7
CB/EPDM 5.5 9-37.5)wt%  1-18 9
SWCNT/epoxy 2 (0.01-15)wt% 2-25 10
SWCNT/PU 2 (0-20) wt% 1-17 1
Graphene/WPU 2 (0.1-5) wt% 3-32 12
Graphene/PMMA 3.4 (0-4.23) vol% 0-30 13
Graphene/PS 2.8 (0-15) wt% 0-24 14
Graphene /PEI 23 (1-10) wt% 5-20 15
Graphene /PEI 2.3 (1-10) wt% 3-12.8 15
Foam
Graphene/PS foam 2.5 30 wt% 29 16
Graphene@Fe;0,/ 2.5 (1-10) wt%  3.5-182 U7
PEI Foam
Graphene /PDMS 1 (0-0.8) wt%  0-19.98 18
Foam
Graphene/PMMA 2.4 (0-1.8) vol% 0-19 19
Foam
Graphene/CNF 0.023 (0-50) wt% 0-25
(this work)

PC, WPU, PP, PS, PTT, ABS, EPDM, PU, PMMA, PEI, PDMS and CNF are
polycarbonate, waterborne polyurethane, polypropylene, polystyrene, poly
(trimethylene terephthalate), acrylonitrile butadiene styrene copolymers, ethylene
propylene diene monomer, polyurethane, poly (methyl methacrylate), polyetherimide,

polydimethylsiloxane, cellulose nanofiber, respectively.
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Calculation of EMI shielding effectiveness (SEr), microwave reflection (SEgr) and
microwave absorption (SE,) from scattering parameters.

The samples were placed between two X-band waveguide parts that were
connected to separate ports of the Agilent N5230 vector network analyzer. From the
measured scattering parameters (S11 and S12), the power coefficients of reflection
(R), transmission (T), and absorption (A) can be obtained, and their relationship is
described as R+A+T=1.7 The EMI SE values of RGO/CNF composite films (SEr),
SER, and SE4 can then be respectively calculated as follows:

SEr=-10logT (1)
SEg=-10log(1-R) (2)
SEx= SEr-SER-SEm (3)
Where SEy is the microwave multiple internal reflections, which can be negligible

when SET > 15 dB.
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Fig. S7 Schematic of thermal conductivity measurement setup of in-plane thermal conductivity (a) and

the cross-plan thermal conductivity (b).
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Tab. S2 Tensile properties of pure CNF film and RGO/CNF composite films.

RGO Content (wt%)  Tensile strength (MPa) Young’s modulus (GPa) Elongation (%)

0 (CNF Film) 189.4+ 4.5 6342.3+£ 255.1 7.5£0.6

5 156.5+ 4.4 6533.6£ 115.7 3.9+0.3

10 137.3£2.9 6698.8+220.1 2.9+0.2

20 98.1+ 3.1 7047.3+ 397.1 1.9+ 0.1

30 92.9+2.9 7342.3+£262.8 1.7+ 0.1

40 85.7£ 5.1 7441.0+ 121.5 1.6+0.1

50 67.7£2.9 7737.9+717.5 1.4+0.2

100 17.2+1.1 982.0+44.1 2.3+0.1

Fig. S8 Photographs the surface of RGO film (a,b) and SEM images of fracture surface of RGO
film(c,d).
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