Supporting Information

High-performance and self-healable electromagnetic interference
shielding coatings based on waterborne dynamic polyurethane

and Ti;C: T, MXene composites

Danbee Jung,'? Jae Eun Yoon,' Min Jun Oh,? Sungeun Yang,? Jongbum Kim,* Taewook
Lim,’ Taegon Oh,! Jungkyu Choi,>* Tae Ann Kim!®*

!Convergence Research Center for Solutions to Electromagnetic Interference in Future-
Mobility, Korea Institute of Science and Technology, Seoul 02792, Republic of Korea

2 Department of Chemical and Biological Engineering, Korea University, Seoul 02841,
Republic of Korea

3 Center for Hydrogen Energy Materials, Korea Institute of Science and Technology, Seoul
02792, Republic of Korea

* Nanophotonic System Research Center, Korea Institute of Science and Technology, Seoul
02792, Republic of Korea

5 Materials Research Team in Central Research Institute, KCC Corporation, Yongin 16891,
Republic of Korea

® Division of Energy & Environment Technology, KIST School. Korea University of Science
and Technology (UST), Seoul 02792, Republic of Korea

*Corresponding author: Prof. Jungkyu Choi (E-mail: jungkyu choi@korea.ac.kr), Dr. Tae Ann
Kim (E-mail: takim717@kist.re.kr)



WPU1

8 958
I I

Nl \¢" {/

I
d
bV . 9io i g
gaii o rialnd & W;jifu“f’ ﬂ“f;g’["HN“\N’)lk
i
PU Prepolymer
Kk |
d,g,h,i,n
R
7 6 5 4 3 2 1

Figure S1. NMR spectra of WPU1 prepolymer.
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Figure S2. GPC results of WPU prepolymers.
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Figure S3. FT-IR spectra of (a) WPU prepolymers, (b) xWPUs, (c) WPU1/xWPU1, and (d).
multifunctional isocyanate crosslinker.
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Figure S4. Temperature sweep results of (a) xWPU1, (b) xWPU?2, (¢) xWPU3.
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Figure S5. Tensile test results of xWPU1, xWPU2, and xWPU3.
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Figure S6. Stress relaxation test results of (a) xXWPUI1, (c¢) xWPU2, (d) xWPU3 under the

various temperatures. Calculation of activation energies of (b) xWPUI1, (d) xWPU2, (f)
xWPU3.
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Figure S7. Stress—strain curves of the xXWPU1 composite after successive self-healing cycles.

Figure S8. Self-healing test result of commercial water-dispersible polyurethane.
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Figure S9. Absorption loss (SEa) and reflection loss (SEr) of MXene/xWPU1 composites
with different MXene contents.
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Figure S10. Comparison of EMI SE with previously reported conductive nanofiller-polymer

composite materials.
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Figure S11. Change in contact angle of MXene/xWPUT1 solution on (a) PS and (b) glass
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Figure S12. Peel-off test (substrate: PS, glass)
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Figure S13. Thermal self-healing results of MXene/xWPU1 composites containing (a) 2.4, (b)
4.0, (c) 5.7 wt% of MXene.
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Figure S14. NIR-induced photothermal self-healing results of MXene/xXWPU1 composites
containing (a) 2.4, (b) 4.0, (c) 5.7 wt% of MXene.
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Figure S15. Macroscopic NIR-induced photothermal self-healing results of MXene/xWPU1
composites containing.

MXene 8.2wt%
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Figure S16. Electrical conductivity results after repeated thermal self-healing.
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Figure S17. EMI SE results after repeated thermal self-healing.
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Figure S18. Electrical conductivity results of MXene and MXene 8.2wt%/xWPU1 before and
after the cyclic folding test.
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Figure S19. Digital image of MXene 8.2wt%/xWPU1 before and after cyclic folding test.
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Figure S20. Electrical conductivity results of MXene and MXene 8.2wt%/xWPU1 before and
after oxidation treatment.
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Table S1. Gel content values of XWPU s as a function of crosslinker content.

Crosslinker (wt%) xWPU1 xWPU2 xWPU3
9 N/A N/A N/A
12 N/A N/A N/A
15 36.9 19.7 29.5
20 44.8 68.8 68.4
30 57.0 - 86.1
40 - 66.6 85.0

Table S2. Power coefficients (reflection, transmission, and absorption) of MXene/xWPU1

composites with different MXene contents.

MXene content (wWt%) Reflection Transmittance Absorption
24 0.778 0.0213 0.201
4.0 0.856 5.10x10* 0.143
5.6 0.912 2.00x10° 0.088
8.2 0.890 3.98x10¢ 0.110
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Table S3. The comparison of MXene/xXWPU1 and other conductive nanofiller/polymer

composites for EMI shielding.

iy Filler Matrix Filler content EMI SE/t Ref
(Wt%) (dB/mm)
1 MXene WPU 7 103 [1]
2 MXene PVDF 50 34.5 [2]
3 MXene Epoxy 15 20.5 [3]
4 MXene CNF 50 150 [4]
5 MXene PI 49 195 [5]
6 MXene ANF 21 29.9 [6]
7 MXene CNF 17 37.3 [7]
8 CNT PU 7 18.0 [8]
9 CNT PU 5 17.5 [9]
10 PCNT PU 40 15.3 [10]
11 CNT TPU 10 38.1 [11]
12 CNT PS 5 25.0 [12]
13 GO PU 19 3.89 [13]
14 rGO PI 16 25.0 [14]
15 Graphene PMMA 5 7.90 [15]
16 Graphene PS 30 11.7 [16]
17 5.7 51.0
This

18 Mene W 8.2 59.8 work
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Table S4. Tensile test results of MXene/xXWPU1 composites.

Young’s Modulus
Tensile Strength (MPa) Elongation at Break (%)
(MPa)

xWPU1 15.9+0.45 7.08 £0.28 842 + 36

MXene 2.4wt% 21.8+0.35 8.35+0.15 797+ 11

MXene 4.0wt% 26.1+4.0 11.6+0.35 1280 + 6.5

MXene 5.7wt% 38.7+22 12.5+0.38 889 + 130

MXene 8.2wt% 69.1+4.6 11.0+£1.1 775+ 90
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