chERE: HARRE

2024 &£ FE 54 % F 8 HE: 1496 ~ 1518

ChERE ) Atk

SCIENTIA SINICA Technologica
Wk

techcn.scichina.com SCIENCE CHINA PRESS

CrossMark

& click for updates

i HL 2 22 B AR & R A FEM X ene 2 5 HLHE 57 ik

AR Sk e

1. YLF R F G783k 5 5 TR, o8 214122,
2. FR IR AT AR A R A ], BFRT 2100125

3. MG JRIE Tl R AR AT E AR RHEOR B X P m S0 %, /K 150080

* Bt & A\: E-mail: wenbingli@jiangnan.edu.cn

WA F39: 2023-11-30; 4252 F 1: 2024-04-25; R4 I % 2% H #3: 2024-08-08
FKE SR RI(GR5: 2022YFB3805700) IR Fl A5 &2 A AR R B R 5 S St i R 4 (%R 5 JCKY'S2021603C014) %5 Bh1ii H

WE HMELTERABEANALE, BHMEGFLEEETEY T AREER LSS HIAFTTLH —MERH
BB T . (electromagnetic interference, EMI) F ik A1 £+, ## .45 22 AR T A & H X F B L JLAF £ 1, &
BLE RE A AR LT EFE B AT £ R R AT T AR #8. MXenefE 7 —F#T BN — £ QDM AL B (R, BARILEER. &
SRR G T, & — B ENEMUR R AR, E L, #8855 28 A faMXenet B AE 4 A, fE#H4 H £
BRI RAMEMXene BB AR EAMH. AXEANBT HEGLERANBRAE. RERAZHE R, LXK,
AT T MXene BB 4 R A0 G & %, B E, W T FEE G 2 ARG & R A EMXene ¥ 5 B K E A MEH

TR I AR R R 6 M EMXenedE T W4T 22 B & M RHE SR B CTUR I 2 R MO R 2.

KB  FELT AR, B Rk, MXene, 49K 4T 4

1 515

BT HEERHARN Gl D, B EA]
FIHE ARG OE S T AT B HAL, JCHZESG
FHLRRET A DL N TR ReR R & e, BT
B AL AT H & AR 1G4 R E R, EReR T
KA R AR SR, o TV R A R 5
RT TR, B E TR EMD. EMIFIELE
S0 N B LR AN, KA AL T 50 F G AR S
Wi, 2B B, sk, EMIE 2 S35

IR ERAE R . MR IR, & g1 RN SO R,
X eFR 0} [ 5 2 A O B . BRI, AT Rk
HL R R A BT B R 2 A ) R, V)R BT R B
P RE I EMIEE R AL

EMIBE i 4 o] LA 12 [X 35k 14 v 3 R R 3,
A R 4% ) H RGO N — AN XA B 5 — A X I
&, AT A F1 57 i R e B T O R R0 O A 4,
FEIELMEMIBF I R 2=, £S5 S8 Bt ot
BEARKETEIINEHBEET, S EmBE SR N
BT 2, AT SO A IR A N S 1 R

IR WBEE, B W, & RS L ARG R A EEMXene ¥ IR LML A FOBHIE AR, TP E BRI HARRIZE, 2024, 54: 1496-1518
Zeng Z'Y, Cao F, Huang J, et al. Progress in preparation of polymer-based MXene enhanced electromagnetic shielding composites by electrospinning (in
Chinese). Sci Sin Tech, 2024, 54: 14961518, doi: 10.1360/SST-2023-0393

©2024 (HEMZFE) FiEH

www.scichina.com


https://doi.org/10.1360/SST-2023-0393
www.scichina.com
techcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SST-2023-0393&amp;domain=pdf&amp;date_stamp=2024-07-22

hEBNE: AR 2024 E 54 % A8 I

T EMHEC, Fe, Al B, HEKERERME RS
REOE, FTEAERER, BE&S. MEHSE. Hinp
drtkss . SR iR E 22, A& & KR A
BAET LB RYY, FIRE, &R R R R
A HGIRAILEE, 2 T BN I ARG 4 K
WM B, R TSR, R E SR 5 )R bR
WA M A2 SRS T B AT AEIE AP
1 ABCR R B R U K e, X EMIGE iR RH 75
SRR, BT ZETE R H R EMIBE kR T
fE IR REL GTJLEER, REVIBERA R BT AA
JREE AR RIEL . oReR R AR AL fE
ISR SRS TR G2 S, Sk g
ERFFMT AL, REVIBEMA R SR o R AT,
AEBERERFFRA R, EARRBARKIKERT
U R LR AR MRS 6 BRI R AT

TR,
B A R P B B R A 0 U 9K SR

F, ACKIEDRME 3 s RHIR T 5 & W 5 A AR R
rERET. BEW— Mo AT, AR EWRAL S
HERAW. BERSMEHAHETHE T, T
MRl S EEE R, A Sk, FEaRE
RARKEPS). RIH LIE(PVDF). RN PP). &
LIEEE(PVA). B ZIH(PE). B H 3L 759 % e W ik
(PMMA). FRERIEFIEE Z 1 b B (PVP) ™2 A/
TR YR B LSS R I AR R AT R
TAPRE, AT B INAT A A0 E Ak e R B T

PEPL LA BEIE(PANT). BRI (PPy). SR IEN;
(PTP). S5&EMEHLL, RS BEEREYHEA B
PRV R A, AT DAk Ay v A TS A A

Bet P AEL BRI A K DR 5 7 L 5 S S
TRMEL, TR OR T AR YK A 4

(CNF). B4 KE(CNT). A 24, Wk
(AgNWs)HFIMXene, =iflh 5340k 326 PUE M =8k
(Fe;0) il B(CB)™. 4 3R & sk A szl i
R AL A TR SRR AR, — i
T T R - LRI SRR RE, 5 — T T YKIA
FHE BN 2 SR 5 A4 1) 435 ot P55 R B T 1 2 A T FE A
T B0 MR g2,

H M A S IEM RO IR, —4E2D) KA R
C) V2 N T EMIBE M. 75 i LA B, AN
TR T2 IR &9k bR, e R BiR
FE AR AR kR PO e g 24
FARPUAE  Hoh EHRGT SRR REEAERTE
HOA YK 2 B B Z A AN KA AR 1 — ol 7 R 1 FH )
Jiik, ATCA R AR MUBRPERE IR . LhRTERK
MZPEIF I 2 LA YR, 5958 R P LS4 4
ANIE], B LG L GR AR — B SN RS, AT
B PIERAL AR RS, EILTERERE . AL AN HURE BT LSS
S AR KRR ERT R, TZoDgkirkl, nh
IR, BEE. FALTIAIMX ene 5 #FK B AL 5 I EMI
BEMPERE, M XenelF Jy—FRHT M HI2DI I 45 )& i/
BALY, S R AE EMIRE i U3 BT 7 #4 Y,

£ 1 BEWBRRAES S8 bR T X 7
Table 1 The polymer shielding material is compared with the metal shielding material [7,9,11-24]
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a) PS: Polystyrene; PVDF: Polyvinylidene fluoride; PP: Polypropylene; PVA: Polyvinyl alcohol; PE: Polyethylene; PMMA: Polymethylmetha-
crylate; PVP: Polyvinyl pyrrolidone; PANI: Polyaniline; PPy: Polypyrrole; PTP: Polythiophene; CNF: Carbon nanofiber; CNT: Carbon nanotube;
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Figure 1 (Color online) Main equipment and spinning process of electrospinning [47] (Copyright©2021, Springer Nature).
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Table 2 The influence of electrospinning on several common materials

Uit bl WS TZ3% WS
TRIREE . TR, WARETR S RO . HERHER, R R,

TPU 20 wt%, DMF/THF 10 kV, 0.3 mm/min, 18 cm 25°C, 45%"°
PVDF 12 wt%, DMF/acetone 14 kV, 0.8 mL/h, 16 cm 25°C, 45%"”
PVA 10 wt%, DIW 20 kV, 0.5 mL/h, 10 cm 25°C, 45%"
PVP 10 wt%, ethanol 12 kV, 0.05 mL/min, 10 cm 22°C, 25%7

PI 15 wt%, DMAc 10 kV, 0.36 mL/h, 15 cm 25°C, 35% ¥
PAN 18 wt%, DMF 15 kV, 0.2 mL/h, 18 cm 25°C, 45%'""

a) TPU: Thermoplastic polyurethane; PVDF: Polyvinylidene fluoride; PAN: Polyacrylonitrile; PVA: Polyvinyl alcohol; PI: Polyimide; PVP:

Polyvinyl pyrrolidone.
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Figure 2 (Color online) MXene. (a) Components of MXene [78] (Copyright©2019, Royal Society of Chemistry); (b) etching process of MXene [78]
(Copyright©2019, Royal Society of Chemistry); (c) microscopic morphology during etching process of MXene [78] (Copyright©2019, Royal Society

of Chemistry).
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Figure 3 (Color online) HF etching and in situ HF etching. (a) Process of HF etching Ti;AlC, [87] (Copyright©2023, Springer Nature);
(b) treatment with different concentrations of HF [88] (Copyright©2020, American Chemical Society); (c) treatment with different kinds
of intercalators [88] (Copyright©2020, American Chemical Society); (d) treatment with different ultrasonic times [88] (Copyright©2020,
American Chemical Society); (¢) mechanism demonstration of HF etching and in situ HF etching [89] (Copyright©2021, American Chemical Society).
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Figure 4 (Color online) Other etching methods. (a) Mechanism diagram of fluorine-free etching [92] (Copyright©2020, American Chemical
Society); (b) mechanism diagram of electrochemical etching [97] (Copyright©2021, Elsevier); (c) process of electrochemical etching [99]
(Copyright©2017, Royal Society of Chemistry); (d) mechanism diagram of molten salt etching [101] (Copyright©2022, American Chemical Society).
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Figure 5 (Color online) (a) Synthesis process of MXene/PVDF-HFP composite [106] (Copyright © 2022, Elsevier); (b) synthesis process of WPU-
Ti,C,T/WPU-AgNWs/WPU-Ti;C, T, composite [108] (Copyright©2023, Elsevier); (c) synthesis process of TPU/PAN/Fe;0,/MXene composite [109]

(Copyright©2022, Multidisciplinary Digital Publishing Institute).
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Figure 6 (Color online) (a) Synthesis process of MXene/PU composite [110] (Copyright © 2023, Elsevier); (b) synthesis process of AgNWs-Pl/
MXene/AgNWs-PI composite [111] (Copyright©2021, American Chemical Society); (c) synthesis process of TPU/PDA/AgNPs/MXene composite
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Figure 7 (Color online) (a) The synthesis process of MXene/PPNs/MXene/TPUEM composite [116] (Copyright©2023, Elsevier); (b) the synthesis
process of PVDF-AgNWs/MXene composite [117] (Copyright©2021, American Chemical Society).
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Table 4 The electromagnetic shielding properties of electrospun polymer-based MXene-enhanced composites are compared with those of other

common polymer-based MXene-enhanced composites in this paper

Materials Loading SE (dB) d (mm) Refs.
Polymer-based MXene enhanced electromagnetic shielding composites were prepared by electrospinning
MXene/PVDF-HFP 24 wt% 15.2 0.095 [106]
(Fe;0,/PVA)-(Ti;C,T,/PVA)-(Fe;0,/PVA) 13.30% 40 0.075 [107]
WPU-Ti;C,T/WPU-AgNWs/WPU-Ti,C, T, 20 mg/mL 79.54 0.15 [108]
TPU/PAN/Fe;0,/MXene 5 mg/mL 325 0.45 [109]
Ti,C,T,/PU 3 mg/mL 38 - [110]
AgNWs-PI/Ti,C,T /AgNWs-PI 15 mg/mL 40.73 0.1 [111]
PPAN-M-Fe;0, - 43.83 - [112]
MXene/PLA/PVA/PCC - 87.8 0.033 [113]
TPU/PDA/AgNPs/MXene - 108.8 - [114]
PAN@PPy/MXene - 32 0.15 [115]
MXene/PPNs/MXene/TPUEM 46.78 wt% 20.2 0.055 [116]
PVDF-AgNW/MXene 2.5 mg/mL 47.8 - [117]
Ti;C,T,-(Fe;0,/PI) 80 wt% 66 - [118]
Polymer-based MXene enhanced electromagnetic shielding composites were prepared by other techniques
WA/Ti;C,T/Wood 1.31 mg/em’ 31.1 - [119]
Ti;C,T,/BC 76.9 wt% 37.3 0.004 [120]
elastomer/Ti;C,T, 19.6 vol% 49 1 [121]
Ti,C,T,/CS 0.1322 vol% 61.4 3 [122]
rGO/Ti;C, T, 100 mg/mL 83.3 7 [123]
TOCNFs/CNT/Ti;C,T, 60 wt% 20.5 0.012 [124]
Fe;0,@CNT/Ti;C,T,/c-ANF/P1 8 wt% 67.42 6.6 [125]
FA-CNF/Ti;C,T,/FA-CNF 1:2 63.8 - [126]
HPG/AgNWs/Ti;C,T, - 45 0.0483 [127]
WPU/NR/MXene 5.48 vol% 76.1 0.336 [128]
graphene/MXene - 96.3 0.1 [129]
WCF/MXene 1 mg/mL 43.7 1.93 [130]
MTMS-M/FG 14.5 mg/em’ 57.8 0.5 [131]

a) PVDF-HFP: Poly(vinylidene fluoride-co-hexafluoropropylene); PVA: Polyvinyl alcohol; WPU: Waterborne polyurethane; AgNWs: Silver
nanowires; TPU: Thermoplastic polyurethane; PAN: Polyacrylonitrile; PU: Polyurethane; PI: Polyimide; PPAN: Polydopamine-polyacrylonitrile;

PLA: Polylactic acid; PCC: Phase change capsules; PDA: Polydopamine; AgNPs: Ag nanoparticles; PPy: Polypyrrole; PPNs: Poly(styrene-co-

methacrylic acid)@polypyrrole nanospheres; TPUEM: Thermoplastic polyurethane electrospinning membrane; PVDF: Poly(vinylidene fluoride);

WA Waterborne acrylic resin; BC: Bacterial cellulose; CS: Chitosan; rGO: Reduced graphene oxide; TOCNFs: Tempo-oxidized cellulose nanofibrils;
CNT: Carbon nanotube; c-ANF: Cross-linked aramid nanofiber; FA-CNF: Fe;O,@porous carbon-cellulose nanofiber; HPG: Honeycomb porous
graphene; NR: Natural rubber; WCF: Waste cotton fabrics; MTMS: Methyltrimethoxysilane; FC: Fabric grid.
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Progress in the preparation of polymer-based MXene-enhanced
electromagnetic shielding composites by electrospinning

ZENG ZhiYong', CAO Feng', HUANG Jian’, ZHANG FengHua’, QIAN Kun' & LI WenBing'

'School of Textile Science and Engineering, Jiangnan University, Wuxi 214122, China;
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*National Key Laboratory of Science and Technology on Advanced Composites in Special Environments, Harbin Institute of Technology (HIT), Harbin
150080, China

With the development of electronic information technology, electromagnetic wave pollution has affected human health and social
progress seriously, so it is urgent to develop an efficient electromagnetic interference (EMI) shielding material. The electrospinning
technology can prepare flexible ultra-thin porous fiber film, and the electromagnetic waves can be reflected in the fiber film for many
times and be consumed. As a new type of two-dimensional (2D) material group, MXene is a potential EMI shielding material with a
high specific surface area, high electrical conductivity and easy processing. Therefore, by combining electrospinning technology with
MXene material, multifunctional polymer based MXene enhanced electromagnetic shielding composites can be prepared. This paper
first introduces the concept, principle and influencing factors of electrospinning technology, then analyzes the composition and
preparation methods of MXene material, and finally, the latest progress in the preparation of polymer-based MXene-enhanced
electromagnetic shielding composites by electrospinning is discussed, and the future development of polymer-based MXene enhanced
electrospinning composites in the field of electromagnetic shielding is prospected.

electrospinning technology, electromagnetic shielding, MXene, nanofibers
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