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Characterization
Electrical conductivity was detected by employing a picometer (Keithley 2400) system. The
total EMI SE (SEreat), absorption shielding (SEa), reflection shielding (SEr), multiple reflections
shielding (SEm) and effective absorbance (A¢) can be obtained by using the above equations.
From the Sz and Sz1, the power coefficients of reflectivity (R), transmissivity (T), and

absorptivity (A) can be obtained using equation (51)~(S3)[1,2]

R=|S,| (S1)
r=|s,| (S2)
A=1-R-T ($3)
Therefore, the effective absorbance (As) can be described as [3]
Ay = A/A+T) (S4)

The total EMI SE (SEret) was also calculated, and it was defined as the logarithmic ratio of

incoming (Pin) to outgoing power (Pout) of electromagnetic radiation[4].

Total —

SE, = —lOlg(%) —SE, + SE,, + SE,, (S5)

n

where SEa, SEr, and SEwm are the absorption shielding, reflection shielding, and multiple

reflections shielding, respectively. The SEm usually can be neglected when SE7oi>10 dB. Thus,



SE,,. =SE; +SE, (S6)
where SEr and SEa can be obtained according to the following formula[3,4]:

SE, =-10lg(1-R) (S7)

T
SE , =-10lg(—— S8
4 g(l—R) (S8)

Electrical conductivity of MGNR and GNR composites

The electrical conductivity of the MGNR and GNR composites will affect their EMI
shielding properties and the electrical conductivity should be tested firstly. Figure S1 shows
the effect of rGO content on the conductivity of MGNR and GNR composites. It is clear that
the electrical conductivities of both GNR and MGNR composites increase with the addition of
the rGO content. It is also worth noting that with the same amount of rGO, the conductivity of
MGNR composite is lower than that of GNR composite. This is because the non-conductive
FesOs nanoparticles anchored on the surface of the rGO flakes will prevent the direct contact of
the conductive rGO nano-platelets, resulting in a decrease in the conductivity of the MGNR
composites. Although the differences between electrical conductivities of MGNR and GNR still
exist, they are levelled down when rGO content increases. This indicating that the rGO
segregated network play a main role in the electrical conductivity of GNR and MGNR
composites and the negative effect of FesOu on the electrical conductively at high rGO content

will be weakened.
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Figure S1. The effect of rGO content on the electrical conductivity of MGNR and GNR

composites.

EMI shielding behaviors of MGNR and GNR composites

Figure S2a shows the EMI SE values of MGNR and GNR composites with the microwave



frequency range of 8.2-12.4 GHz (The thickness of all the samples were 2mm). The EMI SE
values of all samples are frequency independent in the measured bands. It is clear that EMI SE
values of both MGNR and GNR composites increase with the growth of rGO content. This is
because the rGO with the segregated conductive network brings more high free charge carriers
and high electric dipoles to the composites [1, 5]. It is also worth noting that under the same
rGO content and same frequency, the EMI SE value of MGNR composites is much higher than
that of GNR composites. Specifically, the EMI SE value of the MGNR-10 composites is 42.6 dB
at 8.5 GHz, while the GNR-10 composites is only 32.4 dB at the same frequency. It is also
surprising that the EMI SE value of MGNR-4 composites is higher than the EMI SE value of
GNR-10 composites when the frequency is below 9GHz, and even the average EMI SE values
are similar between MGNR-4 and GNR-10 composites under all the frequencies. This
indicating that the addition of FesOs can significantly improve the EMI shielding performance
of the composites. This is because the FesOs particles bring the composites more magnetic field
interactions with natural resonance, exchange resonance, and eddy currents [6, 7]. Also, the
addition of FesOs can enhance the interface polarization relaxation between the fillers and
rubber matrix, which will increase the transmission path of electromagnetic waves between
composite materials, and the possibility of attenuation of incident waves increases
consequently [8-10].

To understand the specific EMI shielding mechanism and performance of MGNR
composites, the SEr and SEa value which presents the reflection and absorption EMI SE effect
were calculated according to scattering parameters [1, 7, 11]. The SEr and SEa values of GNR
and MGNR composites were shown in Figure 52b and Figure S2c respectively. It is noticed that
the value of the SErotal and SEa enhanced with the increase of the rGO content from 4phr to 10
phr, also with the same increasing trend. On the other hand, the SEr value didn’t change so
much when the rGO content increased. Form this result, it is the absorption efficiency, but not
the reflection efficiency, that contributes more to the EMI SE of MGNR composites, absorbing
most of the electromagnetic radiation, dissipated in the form of heat [12, 13]. As shown in
Figure S2d, all of the contribution of SEa to the total EMI SE of MGNR composites is more than
99.93% , much larger than that of GNR composites (99.36% < At < 99.9%). The addition of FesOx

promotes the controllable magnetic permeability properties of MGNR composites, with the



low reflection and high absorption of penetrated electromagnetic radiation by ohmic and
magnetic losses [14, 15]. Above all, the MGNR composites effectively absorb and convert the
electromagnetic energy into thermal or other energy. Therefore, they can have excellent EMI

shielding performance [1, 14].
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Figure S2. (a) EMI SE of the MGNR and GNR composites with rGO content as a function of
frequency. (b) Shielding by reflection, absorption, and total shielding of GNR nanocomposites.
(c)Shielding by reflection, absorption, and total shielding of MGNR composites. (d) Effective
absorbance of the MGNR and GNR composites. The thickness of the sample was 2 mm.

The effect of sample thickness on the EMI shielding performance of the composites should
also be considered because the thickness is also the main factor that will affect EMI SE value
[15-17]. The EMI SE value of the MGNR-6 composites with different thickness from 0.6mm to
2 mm was shown in Figure S3. With the increase of the thickness, the EMI SE of MGNR-6
composites increases from 13.5 to 38.1dB at 12.4 GHz. This is because more FesOs and rGO can
effectively interact with the incident electromagnetic microwaves. So it is significant to better
evaluate the EMI shielding performance of the composites by using the specific EMI SE (EMI
SE divided by sample thickness) [1,18]. The specific EMI SE of MGNR-10 composites achieves
21.3 dB-mm™!, which can have the competitive EMI shielding performance with the reported

properties of polymer/rGO or polymer/Fe:0s@rGO composites[7, 15, 19-21].
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Figure S3. Effect of the thickness on the EMI SE of MGNR-6 composites.
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