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Abstract : High-performance electromagnetic interference (EMI) shielding materials have consistently been
a focal point in the research endeavors related to informatization construction across the globe. MXene, a
novel class of layered two-dimensional transition metal carbide/nitride materials, is characterized by its
outstanding electrical conductivity, substantial specific surface area, abundant surface functional groups,
and exceptional mechanical properties. These features endow it with vast application potential in the realm
of electromagnetic protection. Drawing on an introduction to the EMI shielding mechanism and commonly
employed EMI shielding materials, this review comprehensively summarizes the current research
advancements of MXene-based materials in the field of EMI shielding from three perspectives:
electromagnetic synergistic loss, functional integration, and macro-structure design. Moreover, it
highlights the immense potential of MXene-based materials in extreme environment applications and multi-
functional integration.
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Table 1 EMI shielding performance of four typical materials

Material Advantage Disadvantage Ref.
Metal Ultrahigh electrical conductivity(10*-10° S/cm) Poor processibility ; [13,31]
good thermal conductivity (10° W/(m+K)); easy corrosion;
good mechanical properties; high density
high thermal resistance
Carbon material ~ Carbon black ~ High electrical conductivity(10*-10° S/cm) ; Poor processibility [33-35]
good thermal conductivity (10°-10° W/(m-K));
light weight; low cost
Graphene Ultrahigh electrical conductivity (<Z10° S/cm) ; Poor processibility ; [36-39]
ultrahigh thermal conductivity (10° W/(m-K)); high cost
high stability
Graphene Good processibility ; high stability; rich surface chemistry Poor conductivity; [40-43]
oxide (dipole polarization) high cost
MXenes Good processibility ; Poor stability/easy oxidation [4,44-46]

high electrical conductivity(10*-107 S/m) ;

rich surface chemistry (dipole polarization)

Polymer composite
light weight; low cost;

high potential for multifunction design

Good processibility ; high stability; high flexibility;

poor mechanical properties
of macroscopic materials; high cost
Poor thermal resistance ; [13,37,47-50]

low strength

1 EHEHIES T

P i 5 T2 S P R DB 3 o S S A O L
b A A e ECH At e B 2, S P XT H R T A A AR
I, DT A 1) F 4 B i B 4P 45 H 1y ST, SEEA
14 5 Wi 32 2L LA Léon Foucault 42 H (9 3 7 R0 FEIE
James Clerk Maxwell #2 1} #%) B 7% 3 B 15 F1 Enrico
Fermi $2 tH} B4 i & 3010 S5 /F e S % . Hrp 1%
LRSI A S TR 2R . sk
PRI, P 1% 0 A 422 foh F 0 5 A Rk B, 08 4 P 1
U PRI BT 2R TC 78 B L 2R 1T A S 03 5 FEA 8 43 i A b
AL NER , 3 531138 2 A H A RE R LRGSR ML W W 2 Ak
S HAMIE S BE &, LA SR A 2 R R AU I 8
A0 a5 T A AR S ST R A ) F e U8 D) 2 5 FRL
J5 WA R AT AR R0 DRt R A S S R
WS HL T D A T O R L R T L RE . LR R A

BERT 53 R S RURIWSRI G R 2 . TR e i Al
Schelkunoffs B H1 - FB 0 5E MO BEI B v g —F
FH 5 il 3% BE (shielding effectiveness, SE) i & , 55t il
e (total shielding effectiveness, SE) £ 4 [z 5 3L fig
(shielding effectiveness due to reflection, SE) W 44
fit (shielding effectiveness due to absorption, SE,) il £
T 2 45 R4 BE (shielding effectiveness due to multiple re-
flections, SEy) ™'

SE;=SEy+ SE, + SEy (1)
SE, =168 — 101g( . f/0.) (2)
SE,=1.31¢( fuy.)” (3)
SE,=201g(1—e *?) (4)

FUHP s, R BRI AR X T 25 ORGSR H G 8 A 4
2 Hz; 0, 0 BERCAFXT T2l 1 FE 5 5 2 b Bl (A 1 )5
B ,mm ;8 AR GRS (H G 28 B MR R E ) ,mm.



o4 BT

MXene FEAF R HL 1 B

I 5 119

SE 2 i 2t B e 704 RE R T PR BH AT 2R FC A B
LW Y BE 7, 2 i G TE A e 2 (6] S5 R 22 ] 1Y
BHACAVERC T 5 6L o AR 40 BH AT DT I I 2 - 219 f 1 e i
MRBEBT A T A i s () AR TR BT, H ki 7E A1 R
RMA LA R, AR ARRLN T, /NGRS 73-F-35 S5
e — N E TR AR B I Y H R MR Y R
FOMR AU SE B
SE . 2 i 5 HL G I 78 B4Rk P 3 TR A v 450 AR G
Tﬁﬁi?ﬂj,\ﬂfﬁﬁﬁ%%ﬁﬁ% BN RE . HL
i 3 1% o iR B IS 2 0 A F AR AR S G A A
1 77 X Wl B W AE R, Horp Ay EE:J:J ﬁf%@%xﬁﬂ
18 H, S 248 5 T 1 H, S 450 FE A AR BE T 52 e 14 B Ak
PAFE 5 WAV AE I 32 2 3 ok i iR R T B FE AR X

‘B
3

(@ MAX

Li | Be
19 20 21
K pCal Sc

B v
.A

IIHMEMEEEEEEEEE
37 38 39 45 47 62
Rb|Sr| Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Te

b Removal of A s6] 5771 72 73 74 75 76 77 78 79 80 81 82 83 84 86

LLL D Ba st Hf | Ta | W [REJOSHIr | Pt AulHg] T1 | Pb PBij PO Rn

i ‘ a7 8889103 104 105 106 107 108 112 114 118 117 118

il - |72 || rr]ov]ss[en] s wi]os rs] cnun e fwe] v f o]

SEy 2 i 2 FLU R AR N 2 U S e A
W BINE. BEFER I, 3 R R BRI B
Vi 22 T S IS A0 R P A A T G e 114 S S U
FISER AR AR o AR S5 H I 30 L e J5 B2 Sl
JERIR SEy I H Z R

2 MXene # LK Hl& %

MXene & EL AT % 55 FL 5 556 1) 3 280 Hl B e A
HAb2EEM, X, T, (e aTHL L. 2.3) , Hh , MAR R
P4 EIUE(TI NIV ) XRFECHEN, T £ R H
FM M EREA (—F . —OH.—O0 %), MXene #1 ¥}
T A A E R A/ R B E  HUR A) MXene 25
FFITAR A BT R AN A 1 TR

17 18
S| Cl | Ar

1 MXenes K45
(a)MAX, I M X, (55 5 (b) A BEAYZELOT SR TETT R A I i (v 5
Fig.1 Structure of MXenes'®!

(a)structure of M3;AX, and MX,; (b)position of possible component elements in the periodic table
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Table 2 Shielding performance of MXene-based electromagnetic interference shielding materials with
enhanced dielectric loss and magnetic loss mechanisms
Material ) )
Composite Material Thickness/pm Frequency/GHz SE/dB Ref.
Dielectric loss mechanism ~ Mn?" introduced Ti,C,TY film 8.2-12.4 44.3 [66]
Nitrogen-doped TisC,Ty/ 8-12.4 62.15 [67]
paraffin comp
TiyC,TxMXene-Al comp film X =80 [73]
Magnetic loss mechanism  Ti;C, TxyMXene/MWCNTs/SrFe;,0, X 62.9 [72]
comp film
Polyvinylidene fluoride(PVDF)/ X 19.3 [74]
Ti,C, TxMXene(10% ) /nickel nanochains
comp film X 34.4
MWCNTs/Fe;0,/Ti,C,TxMXene comp 52 X, Ku 49 [75]

film

Note: % refers to the mass fraction of MXene; comp: for composite; C-fiber: for carbon fiber; SE:shielding effectiveness
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Fig.4 Hybrid film of MXene-MXene@AgNWs-MXene-AgNWs(M/MA/M/A ) 1]

(a)schematic diagram of fabrication and characterization ; (b)MXene@AgNWs electromagnetic interference shielding mechanism diagram ;
(¢)temperature curves of M/MA/M/A films at increasing driving voltages ; (d)X-band EMISE for MXene ,M/MA/M,M/MA/M/A-M and
M/MA/M/A-A films; (e)conductivity of different composite films ; (f)U2-temperature curves for MXene films and M/MA/M/A films;
(g)M/MA/M/A film reheating curve at a voltage of 0.6 V
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Fig.5 Janus composite film MPHEA@AgNWs/MXene'®!
(a)design scheme and structural characteristics ; (b)molecular dynamics simulation of hydrazine-free carbamate bonds; (¢)molecular dynamics
simulation with hydrazine carbamate bonds; (d)changes in infrared stealth capability over time at ambient temperatures of 25 °C

and heating above 50 °C; (e)self-healing process of composite membrane
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Table 3 Shielding performance of multifunctional MXene-based electromagnetic interference shielding materials

Multifunctional integration Material SE/dB Ref.
Excellent mechanical MXene/PU fabric —=20(X band) [76]
property d-Ti,C, Ty/CNF comp paper SSE =2647 dB-cm?-g ! (78]
(X band)
Ti;C, TyMXene/CF/TPU fabric 40.4(X band) [79]
Intelligent response Ti;C, Ty (80%)-Fe,0,/P1 66(X band) [80]
comp films
MXene(50% )/PI films 57(X band) [81]
Strong environmental (MXene-CCNT/PI) 26.49(X band ) [83]
adaptability comp films
MXene/Polyaramid 52.7(0.2-1.6 THz) [84]
comp film 38.9(8.2-12.4 GHz)
MXene/PU comp film 38(X band) [85]
Janus MPHEA@AgNWs/MXene comp film 80(X band) [86]
Note: % refers to the mass fraction of MXene ;comp: for composite; C-fiber: for carbon fiber; SE : shielding effectiveness ; SSE : specific shielding ef-
fectiveness
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BOR, JRBGR T 24 JZ 0, v REB#RRCE T 35 20 dB. PEREM) T1,C, T\MXene/RNKE A M, Hil15 141125
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Table 4  Shielding performance of MXene-based electromagnetic interference shielding materials in macroscopic structure design

Macroscopic structure Material Thickness/pm Frequency SE/dB Ref.
band/GHz

Two-dimensional thin film structure  Ti,C,Ty(90% )/sodium alginate comp film 8 8-12.8 57 [35]
MXene/AgNW comp film X SSE =16724 dB-cm”-g ' [68]
TisC,Tx(80%)/CNF comp film X 25.8 [78]
Pristine Ti,C, Ty film 8 X 60.6 [90]

3 X =60 [91]

24-layer Ti,C,Ty film X 20 [92]
CNF@MZXene multilayer film 35 X,Ka 40 [105]

Coated composite material Ti,C,Ty-coated (54 %) cotton fabrics 310 X 80 [99]
TiyC,Ty-coated (48 %) linen fabrics 350 X 80
MXene-decorated polyester textiles 1300 X 90 [100]
Polyaniline/MXene/C-fiber fabric 550 X 26 [106]

Three-dimensional porous structure  Porous Ti,C, Ty MXene (0.86%")/PVA 8.2-12.4 57 [46]
bio-inspired hydrogel
MXene foam 85 200-2000 51 [47]
Ti,C,Ty(0.74%") aerogel X 56.4-70.5 [47]
3D Porous Ti;C,Ty/CNTs composite acrogel 3000 X 103.9 [104]
TiyC, T/ graphene hybrid foam 3000 X 50.7 [107]

Note: % refers to the mass fraction of MXene; % ‘refers to the volume fraction of MXene; comp: for composite; C-fiber: for carbon fiber; SE:

shielding effectiveness; SSE : specific shielding effectiveness
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