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Supplementary Information

S1 Synthesis of PIL

Methyl methacrylate (MMA), 1-vinylimidazole (IVm), azodiisobutyronitrile (AIBN), 1-
bromoethane (EtBr), potassium hexafluorophosphate (KPFe), diethyl ether (DEE) and other
reagents were all analytically pure supplied by Sinopharm Chemical Reagent (China) and used
as received without any further purification.

The reaction procedure of PIL is shown in Scheme S1. First, MMA (2.6 g) and IVm (2.5 g)
were completely dissolved in DMF (25 mL) by stirring for 1 h at room temperature under
nitrogen atmosphere. Then, catalyst AIBN (40 mg) was slowly added into the mixture and the
polymerization reaction was allowed to last for 24 h at 65 °C with stirring. After the reaction,
the resultant was cooled down to 45 °C and a slight excess of EtBr (2.5-3.0 g) was added for
ion-solvating reaction under nitrogen flow for 24 h to fully react. In order to isolate the sample
in the solid state, precipitation was carried out using diethyl ether as a non-solvent. The resultant
was added dropwise into diethyl ether and white precipitate appeared with continuous stirring.
On completion, precipitate was taken out and dried at 110 °C for 24h to remove ether and DMF
to give the product PIMMA-VEImM][Br] as a solid. Finally, PIMMA-VEIm][Br] (2.5 g) and
slight excess of KPFs (6.85 g) were dissolved in 40 mL deionized water, respectively. The KPFs
aqueous solution was added dropwise to the PIMMA-VEImM][Br] solution with continuously
stirring. A few minutes later, white flocculent precipitate was settled and then reacted at 30 °C
for 24 h to ensure the complete ion exchange of PF® and Br-. The precipitate was washed with
a copious amount of deionized water and dried under vacuum for 24 h at 75 °C to obtain PIL.
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Scheme S1 Preparation methods of the PIL
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The expected P[MMA-VEIm][PFs] copolymer (PIL) was verified by the characterization of
chemical structure by *H NMR and FT-IR. The FT-IR spectra and 'H NMR spectra were

performed by Nicolet Nexus 670 and Agilent VNMRS600.
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Fig. S1 FT-IR spectra of PIMMA-VEImM][PFs] (PIL) copolymer

Figure S1 displays the FT-IR spectra in the wavenumber region from 4000 to 500 cm™ of
P[MMA-VEIm][PFe]. The characteristic peaks of 3660 and 840 cm™ are appeared and attribute
to the CH...F hydrogen bonding between the [BFs] anion and hydrogen of the imidazolium
ring, which indicated the complete ion exchange. The bands at 3432 cm™ and 1727 cm™ can be
assigned to the O-H stretching vibrations. The bands at 1554 and 1454 cm™ are attributed to the
C=N stretching modes for the imidazole units. The sharp peaks at 2994 and 2956 cm™ are
associated with CH: stretching, while the band at 1160 cm™ is assigned to an inplane bending

vibration of C—H, which was formed during protonation.
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Fig. S2 'H NMR spectra of PIL copolymer

IH NMR (600 MHz, DMSO), & (TMS, ppm) spectra are consistent with the study: 9.34 (1H, m,
~N-CH-N-), 7.82 (2H, m, -N—-CH-CH-N-), 4.17 and 1.41 (2H and 3H, m, -N-CHz—CHj),
3.54 (3H, m, —-COOCHs3), 0.74 (3H, s, —CH3), 1.75 (2H, m, -CH2-).

S2 Foam Morphology of TPU Foam and TPU Composites Foam
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Fig. S3 Typical SEM images for fracture morphology of microcellular TPU/CNTs and
TPU/CNTSs/PIL composite foams with 3 min evaporate time
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Fig. S4 Pore size distribution of (a) TPU/I0CNTs -3 and (b) TPU/LI0OCNT/PIL-3 with 3 min
evaporate time

Table S1 Density of TPU/CNTs and TPU/CNTSs/PIL composites with various filler
concentrations with 3 min evaporate time

Filler content (wt %) TPU/CNTs (g/cm?) TPU/CNTSs/PIL (g/cm?®)
0 0.24 0.23
10 0.17 0.15
15 0.20 0.18
20 0.21 0.20
25 0.26 0.23

The pore size distribution of TPU/10CNTs -3(a) and TPU/LOCNT/PIL-3 (b) with 3 min
evaporate time is shown in Fig. S4. Because of the limitation to the obtainable foam
morphology, we were not able to investigate the foam structure of all samples. Fig. S4 is the
microscopic morphology of TPU foam, finger-like pore can be seen in low magnification. The
heterogeneous nucleation of the uniformly dispersed fillers in the TPU matrix optimizes the
cell size distribution. As can be seen from Table S1, the densities of TPU/CNTs and
TPU/CNTSs/PIL composites are both lower than that of TPU foam. The density of TPU
composites shows an increasing trend with the increase of filler content.
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Fig. S5 SEM images of TPU/20CNTs and TPU/20CNTs/PIL composite foams with different
evaporate time (3, 15, 30, 60, 90 and 120 min)

S3 Characterization of CNTs/Ni@CNTs/PIL

Figure S6a shows the Raman spectra of CNTs/Ni@CNTs/PIL hybrids with the wavelength of
532 nm. It can be seen that the characteristic peaks of D, G and 2D-bond of
CNTs/Ni@CNTSs/PIL appear at 1439, 1581, and 2699 cm, respectively. The blue shift of the
characteristic peaks indicates that the electron density of CNTs and Ni@CNTSs is strengthened
due to the cation-m interaction between imidazolium groups and n-electrons. The increased
value of Ip/l to 1.13 indicates a great increase of the defects that are attributed to the cation-n
interaction, which affects the n-n electronic conjugation and the increase of vibration energy.
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Fig. S6 (a) Raman, (b) XPS and (c) C1s XPS spectra of CNTs/Ni@CNTSs/PIL
Table S2 Elemental composition by XPS analysis (atom%)
Sample C ) N F Ni C/O
CNTs 96.06 2.14 1.80 - - 44.9
CNTs/PIL 83.09 6.76 411 6.04 - 14.2
CNTs/Ni@CNTs/PIL 78.21 13.66 4.43 3.71 571

As shown in the full scan XPS spectra (Fig. S6b), the characteristic peaks of F 1s and Ni 2p
appear at 687 and 857 eV, respectively. Figure S6¢c shows the fitted curves (C 1s peak) of
CNTs/NIi@CNTSs/PIL hybrids, which can be mainly deconvoluted into five subpeaks at 284.8,
285.6, 286.4, 287.1, and 290.7 eV, assigned to C=C (sp?), C-N, C-0O, C=0, and n-n* shake up,
respectively. The XPS spectrum data of the elemental composition and distribution of
functional groups of CNTs, CNTs/PIL and CNTs/Ni@CNTSs/PIL hybrids are displayed in Table

S2 and S3.

Table S3 XPS spectrum data of the distribution of functional groups

Relative atomic percentage [%] (fitting of the C1s peak [eV])

Sample cs=C CC€C CN CO C=0 8;0 n-n* shake up
CNTs 284.8 — 2856 286.3 2872 - 290.9
CNTs/PIL 284.8 2851 2857 286.2 287.1 2883 291.0
CNTs/Ni@CNTs/PIL 284.8 — 285.6 2864 287.1 - 290.7
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Fig. S7 SEM image of (a) CNT and (b) NI@QCNT

The structure of CNTs and Ni@CNTSs is shown in Fig. S7. It can be seen from Fig. S7b that the
surface of Ni@CNTSs is rough.

S4 Morphology and Mechanical Properties of TPU/CNTS/Ni@CNTs/PIL Foams
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Fig. S8 SEM images of TPU/CNTSs/NI@CNTs/PIL foams with 120 min
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Fig. S9 Mechanical properties of TPU/CNTs/Ni@CNTSs/PIL composite foams with various
filler concentrations and the evaporate time of 120 min
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Figure S8 shows the SEM images of TPU/CNTs/Ni@CNTs/PIL foams with 120 min. Figure
S9 shows the mechanical properties of TPU/CNTs/NIi@CNTs/PIL with various filler
concentrations and the evaporate time of 120 min. The density of
TPU/L0CNTs/1ONi@CNTSs/PIL increases with increasing Ni@CNTSs loading. The morphology
of composite gradually become dense with the increase of the NiI@CNTSs content because
Ni@CNTs are easier to agglomerate than CNTs and the density of Ni@CNTSs is greater than
that of CNTSs. So the compressive strength of TPU/CNTs/NI@CNTSs/PIL is slightly decreased
with increasing Ni@CNTs content. When the strain is 80%, the compressive strength of the
TPU/20CNTs/PIL and TPU/1O0CNTs/1ONi@CNTs/PIL foams was 1.69 and 1.28 MPa
respectively.

S5 Comparison of EMI Shielding Performance for Various Composite Foams

The shielding effectiveness (SE) and specific SE (SSE) (defined as the SE per unit volume) of
the foams based EMI shielding material reported in the literatures are summarized in Table S4.

Table S4 Comparison of EMI shielding performance for various composite foams

. . Specific
Thick D EMI SE
Matrix  Filler Content ickness ensity S EMI SE Refs.
(Wt%) (mm) (g/cm®)  (dB) dB/(g/lcm?)

ZMM Graphene 5 2.4 0.79 19 24 [S1]
PS Graphene 30 25 0.45 29 64.4 [S2]
PS CNT 7 1.2 0.56 19 33 [S3]
Paper  Fes04/Graphene 0.3 0.78 24 31 [S4]
Paper  MCMB/Fe304 25 1.6 75 47 [S5]
Phenol - mwenTs 606  0.14 0.51 324 63.5 [S6]
PVDF MWCNT 15 2.0 0.79 57 76 [S7]
PS Graphene 7 25 0.26 45.1 173 [S8]
.F;_EDO Graphene 25 0.8 1.04 70 67.3 [S9]
PC MWCNT 20 2.0 1.13 43 345 [S10]
ABS MWCNT 15 1.1 1.05 50 47.6 [S11]
PS MWCNT 20 2.0 0.53 30 57 [S12]
Pl rGO 16 0.8 0.28 21 75 [14]
PEI G@Fe30. 10 2.5 0.4 18 42 [16]
PEI Graphene 10 2.3 0.3 13 44 [18]
Epoxy MWCNT 3 2.8 0.33 7.1 21.3 [20]
ScPLA CNT 30 3.7 0.1 21.6 216 [25]

MCMB-
Paper MWCNTs 25 0.6 0.26 56 215 [30]
TPU RGO 6.5 1.8 0.8 218 16.6 [39]
2MM CNTs @Fes04 7 2.5 0.38 13.1 50 [42]
PI RGO/MWCNTs 8 0.5 0.44 18.2 41 [43]
PLLA  MWCNTs 10 2.5 0.3 23 77 [44]

LONi- This
TPU CNT/10CNT/PI 20 2.0 0.33 69.8 2115

L work
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