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S1 Preparation of TisC,Tx MXene Nanosheets

Firstly, 8 g of LiF powder was dissolved intol00 ml of hydrochloric acid (9 N) under
continuous stirring at 40 °C. Then, 5 g of TizC.Tx powder was gradually added to the LiF/HCl
solution under continuous stirring. After 24 h of stirring at 40 °C, the resulting acidic mixture
was washed with DI water via centrifuge (4,000 rpm for 5 mins) for several cycles until the
solution pH value was above 6. Then, the sediment of TizC.Tx MXene in DI water was sonicated
for 5 min and centrifuged at 3,500 rpm for 5 min. Finally, the dark green colloidal suspension
containing few-layered TizC>Tx nanosheets was carefully collected [S1]. And the colloidal
suspension was then vacuum filtered into films and stored for the later preparation of PVDF-
HFP/SiCnw/MXene (TizC2Tx) composites.

S2 Preparation of PDDA Modified SiCnw

Firstly, 1 g of SiCnw was gradually added to 250 mL of 0.4 wt% PDDA solution under
continuous stirring for 12 h. Afterwards, the modified SiCnw was then collected using
centrifuge and washed with DI water for three times. Finally, the modified SiCnw with
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positive charge was dried in a vacuum oven at 60 °C overnight.
S3 Material Selection

PVDEF is selected as matrix material in this work owing to its excellent chemical stability, UV-
retardation, wear abrasion, hydrophobicity, and electroactive properties [S2-S5]. Also its
outstanding dielectric properties can benefit the attenuation of EM waves by providing dipolar
polarization loss and interfacial polarization loss [S6, S7].

S4 Foaming Mechanisms

In the batch foaming process, the microcellular structure is achieved by the following steps: (i)
load the polymer matrix and saturate the chamber with a physical blowing agent, such as ScCOa,
at the set points of gas pressure and temperature (typically the set point of temperature is above
the crystal melting temperature of semi-crystalline polymer), (ii) allow the CO2 molecules
dissolve into the polymer matrix by maintaining the temperature and saturating pressure, (iii)
release the pressurized CO; gas, and cell nucleation occurs immediately due to significant
thermodynamic instability within the polymer and gas system [S8, S9], (iv) nucleated cells start
growing within the viscoelastic polymer melt, (v) and the final microcellular structure will be
stabilized by solidifying the polymer matrix via rapid temperature drop in an ice bath.

S5 Supplementary Table and Figures

Table S1 Saturation temperature and void fraction of PVDF-HFP/SiCnw@MXene foams with
different filler compositions

Void

Fraction

T°C

30wt%

SiCnw:
MXene

128°C

132°C

134°C

136°C

138°C

140°C

142°C

143°C

1:0

34.7%

45.2%

57.2%

65.0%

85.4%

9:1

34.3%

46.4%

54.6%

64.5%

7:1

38.1%

44.3%

54.2%

63.8%

5:1

24.2%

34.1%

30.0%

The void fraction of the foam layer was determined by using the average density of foam-
film composites subtracting the density of the film layer times the ratio of layer thickness.
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Fig. S1 (A-B) SEM images of SiCnw; (C) PVDF-HFP/SiCnw@MXene composite foam (30
wt%, 45% VF); (D-E) SEM image of EDX-SEM images of PVDF-HFP/SiCnw@MXene
composite foam (30 wt%, 45% VF); and (F-G) TEM images of SiCnw(@f- Ti3CoTx

Ti2p

Counts (s)

470 465 460 455 450
Binding Energy ev

Fig. S2 XPS result of f- Ti3C>,Tx MXene nanosheets
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Fig. S3 XRD patterns for PVDF nanocomposite
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Fig. S4 (A-C) SEM images of interface area for the layered foam/film PVDF nanocomposite
(30% SiCnw@MXene7:1, VF:45%); (D-F) SEM images of interface area for the layered
PVDF nanocomposite (30% SiCnw@MXene7:1, solid); (G) SEM images for bottom reflection
phase (20% MWCNT: GnPs= 1:1) before foaming; and (H) SEM images for bottom reflection
phase after foaming
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Fig. S5 Endothermal plot of 10 °C/min heating curve for Kynar-2800 and Kynar-740 matrix
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Fig. S6 The storage modulus for 1.5 mm of layered foam/film PVDF nanocomposites (30
wt% SiCnw@MXene7:1) with various void fractions and neat PVDF
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Fig. S7 The AC conductivity for individual PVDF nanocomposite with various filler
compositions
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Fig. S8 EMI SE of the layered foam-film PVDF nanocomposites (30 wt% SiCnw) with the
various void fraction and thicknesses of absorption phase. (A-C) 0% VF; (D-F) 45% VF; and
(G-I) 55% VF
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Fig. S9 AC conductivity of the foamed absorption phase with various filler compositions and
void fraction
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Fig. S10 EMI SE of the layered foam-film PVDF nanocomposites (30 wt%
SiCnw@MXene7:1) with the various void fraction and thicknesses of absorption phase. (A-
C) 45% VF; (D-F) 55% VF; and (G-I) 65% VF
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Fig. S11 EMI reflection performance for layered foam/film PVDF nanocomposites (30 wt%
SiCnw@MXene9:1) corresponds to various void fractions of absorption phase at the same
thickness; (A) SEr at 1.6 mm; (B) SEgr at 1.8 mm; (C) SEr at 2.0 mm; and (D) low-reflection
bandwidth

As shown in Fig. SI1A-C, at the same foam thickness, the peak value of SEr shifts towards
higher frequency with an increasing void fraction of the absorption layer. According to the law
of quarter wavelength cancelation, the shifted SEr values are attributed to the decreased
complex permittivity. This can be further supported in Fig. S12F, the complex permittivity of
layered composites decreased with the increase of void fraction, and all complex permittivity
exhibited the frequency-dependent behavior. Therefore, the optimal thickness for each VF is
not constant. By increasing the void fraction from 55% to 65%, the layered foam/film PVDF
nanocomposite (9:1, 65% VF) obtained a much higher minimum SEr value, increased from
2.48 x 107%to 5.41 x 1072 dB. This is attributed to the excessively high void content, which
resulted in insufficient permittivity and dissipation capability. This can be further supported in
Fig. S12A, where the SEa of the individual layer of PVDF nanocomposite foam (30 wt%
SiCnw@MXene 9:1, 1.8 mm) decreased from 3.75 to 3.12 dB as the void fraction increased
from 55% to 65%.

In Fig. S11D, among all three chosen thicknesses (1.6, 1.8, and 2.0 mm), layered foam/film
PVDF nanocomposite with higher void fraction exhibited the broader optimal low reflection
(LR) bandwidth, due to the enhanced impedance matching. And the layered foam/film PVDF
nanocomposite (9:1, 65% VF) obtained the broadest LR bandwidth of 3.9 GHz with a
thickness of 2.0 mm.
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Fig. S12 EMI Shielding properties for PVDF nanocomposite foams (30 wt% filler
concentration, 1.8 mm thickness) with various SiCnw: MXene ratios (1:0, 9:1 and 7:1) and
void fraction (45% VF, 55% VF and 65% VF), (A) average SEr, SEa and SEr; (B) broadband
EMI SE; (C) broadband SEg; (D) broadband real permittivity &’; (E) broadband imaginary

permittivity €”’; and (F) broadband complex permittivity &,
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Fig. S13 The EMI SE of the layered foam-film PVDF nanocomposites (30 wt%
SiCnw@MXene9:1) with the various void fraction and thicknesses of absorption phase. (A-C)
45% VF; (D-F) 55% VF; and (G-I) 65% VF
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Fig. S14 EMI shielding performance for layered foam-film PVDF nanocomposites (30 wt%
SiCnw@MXene9:1) corresponds to different matching thicknesses of absorption phase; (A)
SERr; (B) reflection power R; (C) average value of SEr and SEt; and (D) low-reflection
bandwidth and minimal SEr value. Dependence of void fraction: (A-D) 45% VF; (E-H) 55%
VF; and (I-L) 65% VF
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