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Figure S1. The rheological behaviors of ANF/CNT.

The rheological behaviors of ANF/CNT help us to confirm the sol-to-gel transition. The
storage modulus (G”), characteristic of the elasticity of the ANF/CNT was lower than
its loss modulus (G, referring to the viscosity) at initial stage, implying the sol state
of ANF/CNT. Then the storage modulus increased rapidly and exceeded the loss
modulus. The higher storage modulus than the corresponding loss modulus indicates
the formation of gel. This sol-to-gel transition was attributed to the network structures

formed rapidly between aramid nanofibers in the presence of water.
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Figure S2. TGA curves of Pure ANF aerogel films and FC-ANF/CNT aerogel films

with different CNT content.



Figure S3. SEM image of the FC-ANF/CNT aerogel film and the corresponding EDS

mapping.

It is difficult to distinguish between CNTs and ANFs in SEM images, since they are
similar in diameter. In order to investigate the distribution of CNTs in ANFs matrix,
pristine CNTs without acid treatment was mixed with ANFs, and subsequently was
made into films for SEM and EDS observation. The iron (Fe) nanoparticles as catalyst
in CNTs were distributed uniformly, confirming that CNTs were evenly distributed,

without obvious agglomeration.

a = b
1589 cm™ _ 4 1
7 CNT 1586 cm 1;91 cm Graphene
—— ANF/CNT / —_ Graphite
35 1587 cm'* 5
kS s
2 2
£ Z
(= =
] 2
£ =
1550 1600 1650 1550 1600 1650
Wavenumber cm™) Wavenumber cm™)

Figure S4. (a) The simulated Raman spectra of CNTs and ANFs/CNTs. (b) The
simulated Raman spectra of monolayer graphene and graphite.

The Raman spectra were simulated based on density functional theory calculations
by DMol3 package. All the calculations were carried out using Perdew—Burke—

Ernzerhof (PBE) exchange-correlation functions in the framework of general gradient



approximation with all atoms fully relaxed. An all-electron double numerical basis set
with polarization functions was used in this contribution. The convergence criteria
applied for geometry optimizations were 2.0x107> au, 4.0x1073 au A, and 5.0x1073 A
for energy change, maximum force, and maximum displacement, respectively. The
threshold for self-consistent-field density convergence was set to 1.0x107> eV. An
aramid monomer laid on a large poly-aromatic hydrocarbon molecule of CosH24 was
used to represent the m-m interactions between CNTs and ANFs in the experiments. The
result shows that the Raman band shift is negligible (only about 2 cm™, as shown
below), demonstrating that the contact points between entangled aramid nanofibers and
CNTs are not massive, and those contacts are not enough to modify the Raman spectra.

To further investigate the n-m interactions between ANFs and CNTs, the graphite was
modeled using a primitive cell with the in-plane and out-plane lattice parameters of
2.46 A and 6.80 A, respectively, for simplification. The n-m interactions between
graphene sheets are relatively strong, but the simulation showed that the G band shift
was only about 5 cm™!. Therefore, the -7 interactions between aramid nanofibers and
CNTs with very limited amount are not strong enough to modify the Raman spectra or

improve the strength and Young’s modulus of the hybrid aerogel films.
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Figure S5. The contact angles of the FC-ANF/CNT aerogel films as a function of CNT

contents.

Figure S6. (a) Static contact angel, (b) forward angle and (c) backward angle of the

FC-ANF/CNT.

To characterize the excellent hydrophobicity of the hybrid FC-ANF/CNT aerogel
films, the forward and backward angles were tested by optical angle meter system. The
static, forward and backward angle were 137.6°, 142.2° and 137.4°, respectively. The
difference between the forward and backward angles is about 4.8°, indicating the

excellent hydrophobicity.
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Figure S7. The contact angles of the FC-ANF/CNT as a function of applied voltages.

In order to investigate the hydrophobicity of the hybrid FC-ANF/CNT aerogel films
under high temperature, 0 V-10 V voltage was applied to control the temperature of the
aerogel film from room temperature to 80 °C. The contact angle decreased with the

increase of film temperatures, but the film remains nonwetting (118°), even at 80 °C.
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Figure S8. The relative electrical resistance (R/Ro) of FC-ANF/CNT aerogel films

under cyclic tensile test.
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Figure S9. Physical diagram and schematic diagram of Vector network analyzer

The total EMI shielding performance can be described by three major mechanisms,
namely, microwave reflection loss, multiple internal reflection effectiveness, and
microwave absorption loss. It should be mentioned that the multiple internal reflection
is always considered as an absorption because electromagnetic waves reflect back-and-

forth until absorbed or dissipated as heat.
R=[S,|"\T =[S,,[ , A=1-R-T
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where |S;| represents the power transmitted from port i to port j; R, A, T are the
reflection coefficient, absorption coefficient, and transmission coefficient, respectively;
SE7, SEr and SE, are the total shielding effectiveness, reflection effectiveness, and

absorption effectiveness, respectively; P; is the incident power and P is the transmitted

power.
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Figure S10. Comparison the absorption ratio of total shielding efficiency of the FC-

ANF/CNT with other shielding materials.'™®
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Figure S11. (a) The modulus of the normalized characteristic impedance (Zin/Zo) curve

and (b) the €’- ¢” curve of the FC-ANF/CNT.

Electromagnetic parameters are usually used to analysis the mechanism of
microwave absorption. According to the transmission theory, the reflection of
microwave on the surface of absorb materials is related to the impedance match, which
is usually characterized by the ratio of the impedance of electromagnetism in the

absorber (Zin) and free space (Zo).
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R is the reflection coefficient, which can be expression by the following equation.

V4

Zin_q
— Zin—Zo — Zo (8)
Zin+Zy  Zingq
Zo

From equation (8), when the value of Zi,/Zy is 1, the value of R is 0, means no
reflection occurs on the surface of absorb material which shows the perfect impedance
matching. As shown in Figure S10a, the value of Zin/Zo is less than 1, indicating

imperfect impedance matching resulting in inevitable reflection.

Debye dielectric relaxation model was adopted to investigate the mechanisms of
the permittivity dispersion. According to Debye theory, the relationship between €' and

€' can be described as:

(¢ - =5=) v @@= (25 ®

where, € and € are the real part and imaginary part of relative permittivity; &
and €., are static permittivity and relative dielectric permittivity at high frequency
limit, respectively. The curve of €' and €” would be a semicircle, which stands for a
Debye relaxation process. In Figure S10b, two lines can be found in the curve of real
and imaginary parts of the permittivity, corresponding to the conductance loss. The

existing circle relationship of real and imaginary parts of permittivity is attributed to

the polarization relaxation loss.



Table S1. EMI shielding performance of this work in comparison to that of other

shielding materials reported in the literature.

Thickness EMI SE
Materials Reference
(mm) (dB)
S-doped r-GO 0.15 38.5 7
rGO/Fe304 0.25 24.0 8
rGO/Fe>03/PVA 0.36 20.3 ?
CNT/PPS 1.5 43.0 10
rGO/PI 0.8 21.0 1
CNT/PS 1.0 19.3 12
Ni fiber/PES 2.85 58.0 13
PEDOT:PSS/Graphite 0.8 70.0 14
TisCaTx 1.0 70.6 s
PEDOT/CNT 2.85 58.0 16
PANI/CNT 2.4 31.5 17
PANI/GS 2.4 34.2 17
Graphene Foam 1.6 20.0 18
SWCNT/PU 2.0 17.0 19
rGO/C 5.0 38.0 20
Cellulose/Graphene 5.0 47.8 21
CNT-C/SiC 3.0 48.0 22
rGO/CF/Fe;03 0.4 42.0 23
FC-ANF/CNT 0.568 41.9 This work
FC-ANF/CNT 0.396 35.6 This work
FC-ANF/CNT 0.276 27.8 This work

FC-ANF/CNT 0.168 22.7 This work




Specific EMI SE (SSE) can be calculated by dividing the EMI SE with the density of

the material as:

EMI SE

SSE = (10)
The following equation is used to evaluate the thickness-specific EMI SE (SSE/t) of

a material.

EMI SE
p-t

SSE/t =

)
Table S2. EMI shielding performance of this work in terms of thickness-specific EMI

SE in comparison to that of other shielding materials.

Density  EMI

Thickness SSE/t
Materials (mg-cm’ SE . Reference

(mm) ) @ (@Beme)
G/PEDOT:PSS 1.5 22 69.1  20827.0 24
G/PEDOT:PSS 1.5 76.2 69.1  8040.0 H
Graphene foam 2.0 14.0 64.4  11500.0 25
CNT/CS 4.0 17.6 37.6  8556.0 >
C-CNT/CNF 5.0 14.0 21.0  3370.0 26
PEI/Graphene 2.3 30.0 22.0  3190.0 27
Graphene 1.0 40.0 20 5000.0 18
CNT/cellulose foam 2.5 32.3 50.8  6287.0 28
CNT/WPU 2.3 9.0 21.7  10483.0 2
rGO/PI 0.8 22.0 21.0  11712.0 H
Ag nanowire/ WPU 23 45.0 64.0 6183.0 30
Cellulose/CNT 2.5 77.0 40.0  2080.0 31

Graphene/PDMS 3.0 60.0 36.0  2000.0 18




G/CNTs 1.6 97.1 36 2317.2 32

G/CNTs/PDMS 2.0 90.0 75.0 4165.0 33
Ti02/Si0,@PPy@rGO  0.24 89.0 30.0 13829.0 34
cotton-derived carbon 0.3 60.0 46.9 26055.0 33
cotton-derived carbon 0.3 100.0 41.7 13900.0 33
cotton-derived carbon 0.3 130.0 33.7 8641.0 33
cotton-derived carbon 0.3 140.0 26.9 6405.0 33
CNT/PDMS 1.8 10.0 54.8 5480.0 36

Ti3CoTx aerogel film 0.013 2780 46.2 13195 37
Ti3CoTx/SA aerogel 0.014 2500 439 14830 37
Ti3C,Tx/CA aerogel 0.026 1350 543 17586 37
Graphene aerogel-like 0.12 410 70-  16000- 38

films 105 21000

MXene Foams 0.006 390 32 136752 39

MXene Foams 0.018 400 50 69444 39

MXene Foams 0.060 220 70 53030 39
FC-ANF/CNT 0.568 40.3 41.9 18304.6 This work
FC-ANF/CNT 0.396 40.3 35.6 223074 This work
FC-ANF/CNT 0.276 40.3 27.8 24993.7 This work
FC-ANF/CNT 0.168 40.3 22.7 33528.3 This work
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