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MXenes are emerging materials that find significant applications in EMI 
shielding. Ferrites, carbon, cotton fabrics, and polymer composites of 
MXenes are said to improve EMI shielding. These composites are flexible 
with low weight exhibiting high conductivity and large surface area. The 
shielding effectiveness depends on parameters like reflection and absorp-
tion. Hence, the shielding efficiency may be enhanced by tailoring the 
MXenes’ composite to suitable absorption and multiple reflections. 
MXenes are two-dimensional materials, which are rapidly expanding in 
view of their high conductivity, thermal stability, water dispersibility, 
and easy-process ability. Their effective EMI shielding makes them more 
significant in electromagnetic applications. This review aims to discuss 
the shielding effectiveness (SE) obtained by MXenes and their composites. 
The shielding parameters related to total attenuation (SET), attenuation 
due to absorption (SEA), attenuation due to reflection (SER), and attenua-
tion due to multiple reflections (SEM) of an electromagnetic wave are dis-
cussed. These values determine shielding effectiveness of a given materi-
al. If the value of SET 30 dB, it signifies best efficiency; if SET 10 dB, 
no shielding exists, while, if SET is between 10 dB and 30 dB, it denotes 
minimum effective range of shielding. 

Максіни є новітніми матеріялами, які знаходять значне застосування у 
захисті від електромагнетних завад (ЕМЗ). Вважається, що ферити, ву-
глець, бавовняні тканини та полімерні композити на основі максінів 
поліпшують захист від ЕМЗ. Ці композити є гнучкими, легкими та 
мають високу електропровідність і велику площу поверхні. Ефектив-
ність захисту залежить від таких параметрів, як відбивання та вбиран-
ня. Тому ефективність захисту може бути підвищена шляхом оптимі-
зації композиту максінів для відповідного вбирання та багаторазового 
відбивання. Максіни є двовимірними матеріялами, які швидко наби-
рають популярности завдяки високій провідності, термічній стабільно-
сті, здатності дисперґуватися у воді та легкості обробляння. Їхній ефе-
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ктивний захист від ЕМЗ робить їх більш значущими у електромагнет-
них застосуваннях. Цей огляд має на меті обговорити ефективність ек-
ранування (SE), одержану за допомогою максінів та їхніх композитів. 
Розглядаються параметри екранування, пов’язані із сукупним загасан-
ням (SET), загасанням через вбирання (SEA), загасанням через відби-
вання (SER) та загасанням через багаторазове відбивання (SEM) елект-
ромагнетної хвилі. Ці значення визначають ефективність екранування 
конкретного матеріялу. Якщо значення SET  30 дБ, це означає най-
вищу ефективність; якщо SET  10 дБ, екранування відсутнє, а якщо 
SET знаходиться між 10 дБ і 30 дБ, це означає мінімально ефективний 
рівень екранування. 

Key words: MXenes, MXenes’ composites, EMI shielding, shielding effec-
tiveness. 
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1. INTRODUCTION 

High-frequency electromagnetic waves in the range of gigahertz 
harm commercial IT devices and defence devices due to interference 
with devices input signal [1]. This type of interference is called 
electromagnetic interference (EMI), which leads to EMI pollution. 
This phenomenon affects the efficiency and durability of the device. 
Besides this, human health will be affected by EMI pollution that 
includes cancer. It is inevitable to save humankind and electronic 
devices from this EMI pollution. Hence, shielding of electromagnet-
ic interference using certain materials is of prime importance. 
Shielding materials may be classified into metals, which exhibit re-
flection, as well as absorption ferrites, which have absorption only 
[2, 3]. Shielding by reflection utilizes Faraday’s cage principle and 
by absorption dealing with permeability [4, 5]. The main principle 
behind EMI shielding is to design an effective material (shield) that 
reflects incoming electromagnetic waves or to absorb energy in the 
form of heat. Figure 1 shows the mechanism of EMI shielding [6]. 
As shown in this figure, the incident electromagnetic waves are re-
flected by the shields’ surface. 
 The extent of reflection depends on the electron density (availa-
bility of free electrons) and conductivity. It is reported that the EM 
waves will be reflected, if the shielding material is highly conduc-
tive with large number of charge carriers [7]. If a shield with re-
flection dominance is used, the effectiveness will be reduced due to 
creation of secondary waves. To overcome this drawback, shields 

https://www.sciencedirect.com/science/article/pii/S000862232300204X#bib1
https://www.sciencedirect.com/science/article/pii/S000862232300204X#bib2
https://www.sciencedirect.com/science/article/pii/S000862232300204X#bib4
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with absorption dominance with varying dielectric and magnetic 
losses are preferred [8–10]. Graphene and MXenes prove to be po-
tential materials for EMI shielding [11, 12]. It is reported that 
foaming materials (foamed polymers blended with carbon nanotubes 
(CNTs)) effectively enhance dispersion, which improves shielding 
efficiency [3]. Highly conductive MXenes lead the race due to lim-
ited usage of graphene/carbon-based materials [13, 14]. 
 High metallic conductivity, mechanical flexibility, and customi-
zable surface chemistry of MXenes made them rapidly growing [15–
17]. The path travelled by electromagnetic waves in the shield and 
the energy dissipated prior to transmission depend on the structural 
design [18–20]. Apart from this, heat dissipation may affect stabil-
ity and duration of the device [21]. This drawback can be minimised 
by using MXenes having layered structure and high temperature 
stability [22]. In addition, secondary reflections affect environment 
that can be overcome through green EMI shielding. In this context, 
development of green M-Ti3C2Tx MXene/hydroxyethyl cellulose 
composite film was of importance. This film exhibited good shield-
ing performance confirming absorption-dominant EMI shielding 
[23]. Hence, absorption dominated MXenes’ composites are pre-

 

 

Fig. 1. EMI-shielding mechanism (a, b) [6]. 
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ferred for EMI shielding over secondary reflections. Based on the 
above brief introduction, we provided a comprehensive analysis re-
garding the role of MXenes and their composites in EMI shielding 
with focus on high-frequency devices. 

2. PARAMETERS OF EMI SHIELDING 

EMI-shielding effectiveness (SE) is given by the ratio of transmitted 
power Pt and incident power Pi: SE10logPt/Pi. It is reported that 
the total EMI-shielding effectiveness (SET) is purely a function of 
SEA (absorption loss), SER (reflection loss) and SEM (multiple reflec-
tion loss) of electromagnetic waves, which propagate through the 
shielding material (Schelkunoffs theory). The total shielding effec-
tiveness is given by SETSEASERSEM. 

3. STRUCTURE OF MXenes 

MXenes (pronounced as ‘max-eens’) are 2D nanomaterials discov-
ered in 2011. They belong to ceramics class within the 2D materi-
als. MXenes are made of bulk crystal MAX. Their structure consists 
of molecular sheets derived from titanium nitrides and titanium 
carbides making them exhibit high conductivity and volumetric ca-
pacitance inherently. MXenes are known for various applications in 
medicine, sensing, and energy storage, etc. MXenes can be easily 
structured by ordering millions of carbon, transition metals, and 
nitrogen with emphasis on stable arrangement. These ceramics pro-
duce 3D materials, when substituted with Ti3AlC2 powder in hydro-
fluoric acid through selective removal of aluminium. Two-
dimensional Ti3C2 nanosheets (MXenes) can be derived through ex-
foliation. MXene is similar to graphene with different properties. 
MXene was first demonstrated in 2011 by transforming the three-
dimensional Ti3AlC2 materials representing MAX phase into a 2D 
material [24]. Figure 2 displays the journey of MXenes during 
2011–2021. 
 MXenes gained prominence with high conductivity and mechani-
cal flexibility as compared to other materials. They can be moulded 
into nanoparticles, nanosheets of single layer and multilayers. 
MXenes easily form composites with other materials. The structure 
of MXenes enhances their mechanical flexibility and stretch ability 
making them feasible for EMI shielding. 
 MXenes are derived from MAX phases, whose formula is given 
by Mn1AXn, where ‘n’1, …, 4; ‘M’ represents early transition 
metal, ‘A’ represents A-group element, ‘X’ represents nitrogen or 
carbon. 
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 They have edge-sharing structure with distorted XM6 octahedral 
loaded by single planar layers of A-group element [26]. 3D MAX-
phase structure is displayed in Fig. 3. 
 MXenes are derived from MAX phases through selective etching 
of A layers (Fig. 4). Different preparation methods for MXenes are 
reported in Ref. [28]. 

4. MXenes in EMI Shielding 

High electrical conductivity is required for any material to be used 
as EMI shield. 2D MXenes can be processed to have large surface 
area and low density as compared to heavy metals, stretch ability 
(foldable devices), and easy-process ability [29]. Conductivity of 
two-dimensional MXenes ranges between 5 to 20 000 S/cm based on 
composition with least conductivity required being 1 S/cm [30]. 
MXene films possess high electrical conductivity with multilayered 
2D MXene sheets. This structure helps them to absorb the incident 
electromagnetic wave as compared to conventional shielding materi-
als. Various forms of MXene films are available and are capable of 
attenuating the energy with efficient shielding. MXene with a sin-
gle layer having 2.3 nm thickness could prevent EM interference 
[31]. With suitable modification of MXenes’ structure by adding 
pores or dielectric domains, reflections from multiple interfaces in 
the shield can be enhanced that reduces the strength of electromag-
netic waves. In addition, electromagnetic-waves’ absorption can be 
achieved by increasing polarization losses through chemical compo-
sition. Using the technique of capacitive loss, dipoles can be pro-
duced by negatively charged surface on applying electromagnetic 

 

Fig. 2. Journey of MXenes from 2011 to 2021 [25]. 
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field to reduce its energy [32, 33]. This is due predominance of di-
polar polarization gigahertz-frequency range. These characteristics 
signify MXenes as potential materials for EMI shielding in electron-
ic devices. 
 The impact of heat treatment after etching on dielectric and wave 
absorption on MXene was reported. Fifty percent annealed MXenes 
exhibit a minimum reflection loss of 48.4 dB at 11.6 GHz with 
good absorbance and shielding. MXenes of unit thickness exhibited 
76.1 dB, when untreated, and 67.3 dB, when annealed. Absorbing 
and total shielding effectiveness values were found to be 24.2 dB 

 

Fig. 3. Crystal structure of MAX phases [27]. 

 

Fig. 4. Representation of MAX phase [6]. 



 APPLICATIONS OF EMI SHIELDING: A REVIEW ON THE ROLE OF MXenes 639 

and 32 dB [34]. MXene of 0.8 mm-thickness with sandwich struc-
ture demonstrated EMI-shielding effectiveness above 70 dB in X-
band [35]. MXene with large area, smooth surface, and high electri-
cal conductivity exhibited the mean and absolute shielding effec-
tivenesses equal to 55.7 dB and 48.800 dBcm2g

1. These results in-
dicate that EMI-shielding effectiveness of MXenes may be enhanced 
with different manufacturing techniques [36]. Hence, it can be in-
ferred that MXenes can be considered EMI shields. As per the men-
tioned examples, large surface area, multilayered structure, and 
high electrical conductivity of MXenes significantly contribute to 
increase EMI shielding. 

4.2. MXenes and Polymer Composites in EMI Shielding 

Conductive polymer composites (CPCs) with conductive fillers are 
highly considered for EMI shielding. They are of lightweight, eco-
nomical, resistive to corrosion and can be easily processed [37–40]. 
Even though these materials exhibit high electrical conductivity, 
increased impedance mismatch and dielectric loss act as major 
drawback [41, 42]. In addition, CPCs filled with fillers are thick 
and not adaptable to use and lose their mechanical strength. Hence, 
MXene and polymer composites, wherein the polymer acting as 
binder increases the mechanical strength, make them suitable for 
EMI-shielding materials [43]. This combination was first tested in 
2018. An ultrathin MXene/cellulose nanofibres-composite paper 
with excellent mechanical property reported tensile strength of 
135.4 MPa and strain near to 16.7% [44]. These materials can be 
used in robot joints, weapon equipment, and flexible electronics. 
Similarly, a composite of polyvinylidenefluoride, MXene and nickel 
was synthesized and reported with good EMI-shielding properties 
[45]. In addition, multilayered films of MXene, polydimethylsilox-

 

Fig. 5. MXenes with various functional groups [6]. 
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ane (PDMS) and boron nitride were synthesized with spin-coating 
method. 
 Figure 6, a [46] shows the synthesis and Fig. 6, b shows the 
shielding mechanism of the prepared film. These films reported SE 
of 35.2 dB for an 11-layered material with thermal conductivity of 
3.29 kV/mm at 10.9 GHz. In addition, SEA was greater than SER. 
 Figure 6, b explains the mechanism behind this effect. As shown 
in this figure, electromagnetic waves, which are incident on 
BN/PDMS layer, are penetrated directly. The waves, which strike 
PDMS/MXene, are divided into two beams, in which one beam re-
flects back and the remaining part transmits through the interior 
layer. The existence of alternative multilayer enhances the quantity 
of reflection and scattering, which attenuates the waves continuous-
ly. Hence, it is inferred that SE depends on the number of 
MXene/PDMS layers. Considering this, fabrication of less-layered 
Ti3C2Tx/epoxy composites using casting method, was reported [47]. 

 
a 

 
b 

Fig. 6. Synthesis (a) and shielding (b) mechanism of MXene, PDMS and BN 
composites [6, 44]. 
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In addition, SE was of 41 dB with 15% loading, when annealed. 
This was by 37% higher as compared to without annealing. This 
can be attributed to formation of large number of dipoles post an-
nealing. 

4.3. MXenes and Cotton Fibre Composites in EMI Shielding 

Cotton and their composites are becoming prominent in view of 
their advantages over synthetic textiles [48–50]. Electronic equip-
ment with conductive cotton fabrics has the ability of blocking elec-
tromagnetic radiation [51, 52]. However, the main drawback of cot-
ton is its flammability, when used in electronic equipment. Hence, 
it is preferable to use materials, which are flame resistant for EMI 
shielding. In this context, EMI-shielding cotton textiles developed 
with aqueous impregnation and dip coating are of importance [53]. 
Three-layered combination of MXene, ammonium phosphate and 
polyacetimidate could increase conductivity from unity to 670 S/m 
by increasing MXenes. This addition of MXene sheets to cotton fi-
bre makes the fibre to act as a conducting body. In extension to 
this, a conductive network of cotton fabrics was reported [54]. 
 As shown in Fig. 7, MXenes are modified by adhering fabric sur-
faces. These fabrics exhibit high conductivity, Joule heating capa-
bility at 150C with 6 V supply and are reported to block EM inter-
ference. In addition, they can be used as strain sensors to track the 
activity of humans. In this sequence, waste fibres of cotton were 

 

Fig. 7. Preparation of modified cotton fabrics and its applications [6, 52]. 
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converted to aerogels by dissolving them in aqueous solution of 
NaOH/urea. These aerogels were combined with MXene nanosheets 
through dip coating to develop the woven carbon fibres/MXene 
composites [55]. 
 These composites exhibit an effectiveness of 39-to-48 dB between 
2 GHz and 18 GHz. As mentioned earlier to avoid flammable issues, 
a combination of MXene with inflammable aramid non-woven fabric 
was developed [56]. In this order, composites of MXene, polyaniline 
(PANI) and cotton fabric were developed that increased shielding 
effectiveness by 54 dB [57]. Similar developments include light-
weight non-woven fabrics combined with MXenes, which were ab-
sorption dominant [58]. Based on the number of fabric layers, con-
ductivity increased from 5.04 S/m to 13.45 S/m with optimum ef-
fectiveness of 25.26 dB at 12.4 GHz [59]. 
 Even though cotton fabrics show increase in ohmic loss because 
of being porous and absorb incoming radiation; their poor heat re-
sistance and low mechanical-strength challenge their EMI-shielding 
characteristics. 

4.4. MXenes and Carbon-Derivatives’ Composites in EMI Shielding 

Carbon and its derivatives play an important role in EMI shielding 
[60–62]. 3D structure and other characteristics made these materi-
als significant. However, porous nature and weak hydrogen bonding 
make these materials to have low mechanical strength [63]. To 
avoid this drawback, porous carbon composites using very thin aer-
ogel of MXene and wood were designed [64]. This enhanced the re-
quired mechanical strength and SET was found to be of 69.4 dB. 
This could achieve a shielding effectiveness of 71.3 dB. In continua-
tion, spin layered-composite films with MXene and CNTs were re-
ported [65]. Similarly, a lightweight-layered fabric with MXene and 
PANI polymer was prepared and checked for shielding effectiveness 
and Joule heating. SEA and SER are reported to increase with as-
sembly cycles [66]. MXene and CNTs composite of 100-µm thickness 
prepared with facile electron deposition demonstrated an effective-
ness of 60.5 dB in X-band [67]. SE decreases to 50.4 dB, if the 
thickness was reduced to 15 µm. The mechanism behind this high 
shielding is due to reflection of EM waves on reaching the high-
conductive hybrid surface, as shown in Fig. 8. 
 2D composites of MXene and graphene nanoplatelets of 1.75-m 
thickness exhibited 64 dB electromagnetic absorbance between 60–
80 GHz) [68]. MXenes being highly potential for EMI shielding and, 
as graphene, exhibit good electrical conductivity, low density, and 
corrosion resistant; their combination leads to excellent applications 
in EMI shielding. 



 APPLICATIONS OF EMI SHIELDING: A REVIEW ON THE ROLE OF MXenes 643 

4.5. MXenes and Ferrite Composites in EMI Shielding 

Low magnetic losses in MXenes make them poor electromagnetic-
wave absorbers. Hence, magnetic losses need to be enhanced [69–
72]. This can be achieved with the help of magnetic nanoparticles 
[73]. Observations indicated that spinel ferrites possess superior 
magnetic properties and, if coupled with MXenes, yield good results 
[74–78]. MXene and Ni0.5Zn0.5Fe2O4 composites prepared with co-
precipitation method yielded saturation magnetization of 
27.08 emu/g. MXene and Ni–Zn ferrite composites were reported to 
be effective shields [79]. Different composites of this combination 
with excellent absorption that could be used in 5G networks were 
reported [80–88]. MXene and Ni0.6Zn0.4Fe2O4 (NZFO) nanocomposites 
with reflection loss (RLmin) of 66.2 dB at frequency of 15.2 GHz and 
4.74 GHz bandwidth were reported. These composites simulate the 
properties of double-loss electromagnetic absorbing material with 
strong reflection loss [89]. This loss was attributed to impedance 
matching. The mechanism behind this was shown in Fig. 9. As 

 

Fig. 8. EMI-shielding mechanism for MXene and CNTs composites [6, 65, 95]. 

 

Fig. 9. EMI-shielding mechanism for MXene/NZFO composites [6]. 
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shown in this figure, impedance matching favours reflection of in-
cident waves. Various interfaces between MXene layers improve in-
terfacial polarization contributing to dielectric relaxation. Numbers 
of dipoles are generated due to large number of MXene-surface 
termination groups leading to dipolar polarization and, finally, in-
teraction between magnetic and dielectric losses that enhances elec-
tromagnetic-wave absorption. Hence, combination of MXenes with 
ferrite nanoparticles improves EMI shielding. 

4.6. MXenes and MOF Composites in EMI Shielding 

In view of the limitations exhibited by MXene over its own compo-
sites, a composite of MXene with metal–organic frameworks (MOFs) 
was considered. MOFs have metal-ion terminals connected with or-
ganic ligands. They benefit from high porosity and large specific 
surface area, which make them suitable for energy storage [90–92]. 
Co/ZnO/Ti3C2Tx MXene/MOFs composites were prepared. They re-
ported improvement in morphology due to interaction of MOFs with 
MXene possessing excellent dielectric and magnetic losses [93]. Sim-
ilarly, an intertwined one-dimensional heterostructure with MXene 
and cobalt–nickel MOFs was reported. Three-dimensional structures 
with CNTs with a matching thickness of 1.6 mm could exceed RLmin 
by 51.6 dB and 4.6 GHz for embedded array blocks (EAB) [94]. The 
mechanism behind these absorption properties was shown in Fig. 
10. As shown in this figure, interaction between MXene, MOFs and 
CNTs lead to good attenuation and impedance matching promoting 
interface polarization improving microwave absorption. Porous 
structure of this combination enhances scattering and multiple re-
flections of incident EM waves. 

5. CONCLUSIONS 

EMI shielding has gained significance in protecting human beings 
and electronic devices from pollution due to electromagnetic radia-
tion. Even though various materials are used for EMI shielding, 
MXenes gained prominence in recent times. High conductivity, good 
thermal stability, surface chemistry, and simple-process ability of 
these materials make them crucial in EMI-shielding applications. 
Since MXenes alone could not satisfy the criteria required by EMI 
shielding, combination of MXenes with other shielding materials 
was in the radar of researchers. Keeping this in mind, an attempt 
was made to review the reported publications, which analysed the 
role of MXenes and their composites in EMI shielding in a nutshell. 
It was observed that, among the cotton fabrics, fabrics made of 
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MXenes and wood pulp show highest SE of 90.2 dB. Improved 
shielding was seen in case of MXenes combined with cotton fabrics, 
polymers, and ferrite nanoparticles. Hence, they may be used in IT 
and defence sectors. In addition, various composites in combination 
with MXenes suitable for EMI shielding were discussed. 
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