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Abstract: The rise of the era of 5G wireless technology and development of flexible electronic devices
have highlighted the key role of electromagnetic shielding materials for national defense and civil use.
As a new carbon material, graphene has a unique two-dimensional structure showing excellent
physical and chemical properties, which endows graphene-based materials light weight, good
flexibility, high corrosion resistance and high electromagnetic shielding effectiveness. The shielding
principle and the preparation method of graphene-based material were introduced in this review, and
the latest advances on the electromagnetic shielding material were summarized, including pure
graphene and graphene-based composite material. In addition, prospects for the future development of
new graphene-based electromagnetic shielding materials were discussed.
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Fig.1 Fabrication of xBG films and their EMI shielding performancet®!  (a)scheme of the fabrication for xBG films;

(b)SEM image of the cross-section of ®BG films; (¢) EMI shielding performance of rGO and =BG films
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Fig. 2 Fabrication of the CNT/MLGEP core-shell hybrid foam and their EMI shielding performance®2!  (a)scheme of the fabrication for core-shell

hybrid foam; (b) SEM image of the core-shell hybrid foam; (¢) EMI shielding performance of core-shell hybrid foam at different material thicknes
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(b)SEM image of the cross-section of LG film; (¢) EMI shielding performance of Cu foil, LG film and Cu/LG film
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Fig. 4 Fabrication of PMMA/rGO/magnetite nanocomposite and their EMI shielding performance?7]

(a)scheme of the preparation for PMMA/rGO/magnetite nanocomposite; (b) TEM image of PMMA/rGO/magnetite nanocomposite;

(¢)EMI shielding performance of nanocomposites with rGO volume fraction of 1. 1% and magnetic particle volume fraction of 0, 0.2% and 0.5%
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Fig. 5 Fabrication of GF/PEDOT ;PSS composites and their EMI shielding performance 2%
(a)scheme of the fabrication for GF/PEDOT PSS composites; (b) SEM image of the surface of GF/PEDOT PSS composites;
(c)EMI shielding performance of GE/PEDOT PSS composites

H T MXene 1 &EERE T 55 » H Rl A 52 B IR i HA7 A
SIS ECE R ) 2= AR 1 = 4 MXene KB, a0 A
6 JI 7 5K Gk B SEEh  # T A SR A/ T, C, T, A< Bk
JKE %/ NS B A R R T, C T, AT IR G R
Eiﬁﬁ“ﬁ:‘?ﬁﬂﬁ@ﬁﬂﬁﬁU&%WY9%$I§%?§§UTE%
/T C T, B . Hob B R Ti,C T, g0k
RS A EE R Sh . SRR TS YN . X R 2
FL HL e B2 3 R 8 A e 3 B0 L R S 1 e v P R L e
Woaae . M TG T, 99Kk & EARE 0. 74000 78 X
e BN AZ AR RS 1 v G R K RE R O 50 dBL & T H
i 38 19 2 A 25 8L MXene 85 R G WK E S
BRI
2.2.6 A7 S0 AL LR B WO B A ST

A1 SR WA S — Tl T R £ F R B R R B DLTR
— SO AT SRR Y B R R R T A B R A
F18) P 6 5 WA R 5 A A 0 1 HL 3 R L A %ﬁﬁjﬁ HL
T FE B A FL R AR s A AR A SR e R AR, ]
uiﬁﬂﬂﬁﬁﬁ&ﬂﬁﬁﬁfi%%ﬂﬁﬁﬁﬂ 2 1 & i J5
A1 S0 CAn S Ak A S8 0D T S A Y B AR R B i“ﬂﬂ
LR I AR AL A FE . B8 T B 2 o B0 o 5 At b )
PEAT S A FAT v LAY AT A B AT RAAE O R AR B
b SR LIRS B AR B 7R m 7)o | T A SR A2 BR T
S TR s S N R T o R R E e e
[i4] 1) HL 0 AP AE ™ R BH BT R i . R, 78 A s

AN HA D RESETT . AT LA i — 0T & = n AR A A
|GG BT ZH R RI A5t R
19 FEL T R i RE T AT AR . H R T )iz 9 45
A Z R 2R R s 450 . X 2845 4 ]
VA i A1 =5 0 BEL T D T8 R34 A BIAY BE 7 - fie 2 r 1
AE 1] HAB RE A% 1

3 HFRiF

P SO T FL G R ) S A B A R M S L G
WA A B 25 75 3 0 R MR A SR A SR B A
FHREEAT I IT - 558 T 3 JUAF R A7 88 065 b R AE WL 1%
BT T BT S HE R . PRANAT S T A1 SR S A A1 5
h’%%‘?@“&ﬁé’]ﬁﬁ%ﬁ% A1 BB 1 R X oL i o ik

REIRZ I » L Kl 22 22 D) E A 88065 40Ok B & BRI 37
EVEFFJXTE%%%MHEEEZZE%%%&% fIRNE . L5 bR
i AEWFTEE NI IE R 55 F1 7T A0 88 0 25 vl 1 B e oA
A SIS T B R Byt 4 (BT e e Joi L SR Ak o ) A
P L R A AT TR I 3 22 B A . 3K LE Bk A
K BB AR A B vk . B AN SR R — B
N ZE ARG S He A7 S0 BB R 0 B KA 22 T
(o RS 9 0N A AT L e k. A B A £ 45 X
AT 25 B 7 i 1) HR B R O R P R A R
J A BRI AR i 4 B BOME B A AT R A AR Bk



HA8E HETH A7 B B R RLAE W G B % F 5 e 21
a
( ), ) Framework
formation
MXene
N Ereeze-drying
-
Ice template
MXene/rGO hybrid aerogel ~ Directional freezing
L(c)

. W
50 F

S 40} M

Ll

2 a0k

Ll

= 1 mm
20
10 f

O 1 1 1 1 1
8 9 10 11 12 13
Frequency/GHz
B 6 MXene/rGO <5k 1) il # S o H w5 e sk g 17
Ca) 8 B 1) ) 28 75 B 5 (b A8 M 1) 43 il Pl B 11 5 (o) RO M 7 AN ) J5E B8 19 o 10 ot ke sk
Fig. 6 Fabrication of MXene/rGO aerogel and their EMI shielding performance’!”  (a)scheme of the fabricating aerogel;

(b)SEM image of the aerogel composites; (¢) EMI shielding performance of aerogel at different material thicknesses

Z S XPBUA LB LA RS T B 5 BRI R A R 0T S
W AEZ RER BT R S B AR FBL
PRAESCBE . 55 — 7 T+ H TR BR B O 755K L A A 0
o R MR T 5 i 28 D R ER S AR 1 L A 2R
A g K S P AR AR AR R TR R R B IE S A
H BT FE T 3d  Xok HEL  J  ATL L 4 9 F A5 A % 458
FEREATIRAMIBESE . EHIEHR S F Ll A Al A 42
8507 FORKG WA A SIS BHIGOR S5 M . EAh 78
A1 S OB B I RER B (B AN S R &Y 2R
P TEHL/ ALY BEE SR AR RS AT
A BT VE E » 38 W] LA T e e AR RCRE 1 . BR TR
Tk 6 UL B 4 RE b+ 3 T LS T At 3T 28 4 b
A ALYy A A RS ) o A g BELAT I i 8 A1 ok
AR BELAT DT . 1 5 BT B AL R 2 U .
A R S R AN AL T AR v A R S A S M
SEAARIE FL T BRI THDRE 23 (o R il B 2 A 1

S & Lk

[1] KARGAR F, BARANI Z, BALINSKIY M, et al. Dual-function-
al graphene composites for electromagnetic shielding and thermal
management[ ] ]. Advanced Electronic Materials, 2019, 5(1):

1800558.

[2] LIU]J, ZHANG H B, SUN R, et al. Hydrophobic, flexible, and
lightweight MXene foams for high-performance electromagnetic-
interference shielding[J]. Advanced Materials, 2017, 29(38):
1700589.

[3] KUMAR R, MONDAL D P, CHAUDHARY A, et al. Excellent

EMI shielding performance and thermal insulating properties in

lightweight, multifunctional carbon-cenosphere composite foams

[J]. Composites; Part A, 2018, 112 475-484.

[4] JIALC, YANDX, LIU X F, et al. Highly efficient and reliable

transparent electromagnetic interference shielding film[J]. ACS

Applied Materials & Interfaces, 2018, 10(14): 11941-11949.

[5] LIANG C B, QIU H, HAN Y Y, et al. Superior electromagnetic

interference shielding 3D graphene nanoplatelets/reduced gra-

phene oxide foam/epoxy nanocomposites with high thermal con-

ductivity[ J]. Journal of Materials Chemistry C, 2019, 7(9):

2725-2733.

[6] LIQ.ZHANG Z, QI L P, et al. Toward the application of high

frequency electromagnetic wave absorption by carbon nanostruc-

tures[J]. Advanced Science, 2019, 6(8): 1801057.

[7] WANG C, MURUGADOSS V, KONG J, et al. Overview of car-

bon nanostructures and nanocomposites for electromagnetic wave

shielding[J]. Carbon, 2018, 140: 696-733.

[8] CAOMS, HAN C, WANG X X, et al. Graphene nanohybrids:

excellent electromagnetic properties for the absorbing and shiel-

ding of electromagnetic waves[]J]. Journal of Materials Chemistry



22

BRI 72

20204 7 A

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

C, 2018, 6(17): 4586-4602.

CAOM S, SHU J C, WANG X X, et al. Electronic structure
and electromagnetic properties for 2D electromagnetic functional
materials in gigahertz frequency[J]. Annalen der Physik, 2019,
531(4): 1800390.

WANG Y X, XUN, LIDY, et al. Thermal properties of two

dimensional layered materials[J]. Advanced Functional Materi-

als, 2017, 27(19):1604134.

BALANDIN A A, GHOSH S, BAO W Z, et al. Superior ther-

mal conductivity of single-layer graphene[ ]J]. Nano Letters,

2008, 8(3): 902-907.

WU H, KONG D S, RUAN Z C, et al. A transparent electrode

based on a metal nanotrough network[ J]. Nature Nanotechnolo-

ay. 2013, 8(6): 421-425.

YANG Y, ZHAO R Q, ZHANG T F, et al. Graphene-based

standalone solar energy converter for water desalination and pur-

ification[J]. ACS Nano, 2018, 12(1); 829-835.

REPP S, HARPUTLU E. GURGEN S, et al. Synergetic
effects of Fe*™ doped spinel Li; Ti; 012 nanoparticles on reduced
graphene oxide for high surface electrode hybrid supercapacitors
[J]. Nanoscale, 2018, 10(4) . 1877-1884.

ZHANG M, WANG X X, CAO W Q, et al. Electromagnetic
functions of patterned 2D materials for micro-nano devices cover-
ing GHz, THz, and optical frequency[]J]. Advanced Optical
Materials, 2019, 7(19): 1900689.

YAN H., CHENG H, Yi H, et al. Single-atom Pdl/graphene
catalyst achieved by atomic layer deposition: remarkable per-
formance in selective hydrogenation of 1, 3-butadiene[J]. Jour-
nal of the American Chemical Society, 2015, 137 (33);: 10484-
10487.

ZHAO S, ZHANG H B, LUO J Q, et al. Highly electrically
conductive three-dimensional Tiz;C,; T, MXene/reduced graphene
oxide hybrid aerogels with excellent electromagnetic interference
shielding performances[ J]. ACS Nano. 2018, 12(11); 11193-
11202.

CAO M'S, WANG X X, ZHANG M, et al. Electromagnetic re-
sponse and energy conversion for functions and devices in low -
dimensional materials [ ] ]. Advanced Functional Materials,
2019, 29(25) . 1807398.

SHAHZAD F, ALHABEB M, HATTER C B, et al. Electro-
magnetic interference shielding with 2D transition metal carbides
(MXenes)[J]. Science, 2016, 353(6304): 1137-1140.

CHEN Y J, LTIY, YIP M C M, et al. Electromagnetic interfer-
ence shielding efficiency of polyaniline composites filled with gra-
phene decorated with metallic nanoparticles[J]. Composites Sci-
ence and Technology, 2013, 80: 80-86.

WANG Z, MAO BY, WANG Q L, et al. Ultrahigh conductive
copper/large flake size graphene heterostructure thin-film with
remarkable electromagnetic interference shielding effectiveness
[J]. Small, 2018, 14(20): 1704332.

ZHANG N, WANG Z, SONG R G, et al. Flexible and trans-
parent graphene/silver-nanowires composite film for high elec-

tromagnetic interference shielding effectiveness[J]. Science Bul-

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

letin, 2019, 64(8): 540-546.

CHEN Y. WANG Y L, ZHANG H B. et al. Enhanced electro-
magnetic interference shielding efficiency of polystyrene/gra-
phene composites with magnetic Fe;O; nanoparticles[ J]. Car-
bon, 2015, 82 67-76.

ZHAN Y H, WANG J, ZHANG K Y, et al. Fabrication of a
flexible electromagnetic interference shielding Fe; Oy @ reduced
graphene oxide/natural rubber composite with segregated net-
work[J]. Chemical Engineering Journal, 2018, 344 184-193.
DING Y, ZHANG L, LIAO Q L, et al. Electromagnetic wave
absorption in reduced graphene oxide functionalized with Fe; O,/
Fe nanorings[ J]. Nano Research, 2016, 9(7): 2018-2025.
YADAV R S, KURITKA I. VILCAKOVA J. et al. Light-
weight NiFe;O,-reduced graphene oxide-elastomer nanocompos-
ite flexible sheet for electromagnetic interference shielding appli-
cation[ J]. Composites; Part B, 2019, 166 95-111.

SHARIF F, ARJMAND M, MoUD A A, et al. Segregated hy-
brid poly (methyl methacrylate) /graphene/magnetite nanocom-
posites for electromagnetic interference shielding[J]. ACS Ap-
plied Materials &. Interfaces, 2017, 9(16); 14171-14179.

WU Y, WANG Z Y, LIU X, et al. Ultralight graphene foam/
conductive polymer composites for exceptional electromagnetic
interference shielding[J]. ACS Applied Materials &. Interfaces.,
2017, 9(10): 9059-9069.

ZAKIYAN SE, AZIZI H, GHASEMI 1. Effect of cell morphol-
ogy on electrical properties and electromagnetic interference
shielding of graphene-poly (methyl methacrylate) microcellular
foams[ J]. Composites Science and Technology, 2018, 157 217-
2217.

SHEN B, L1Y, ZHAI W T, et al. Compressible graphene-coa-
ted polymer foams with ultralow density for adjustable electro-
magnetic interference (EMI) shielding[J]. ACS Applied Materi-
als & Interfaces, 2016, 8(12): 8050-8057.

ZHOU E Z, XI'J B, GUO Y, et al. Synergistic effect of gra-
phene and carbon nanotube for high-performance electromagnetic
interference shielding films[J]. Carbon, 2018, 133 316-322.
SONG Q, YE F, YIN X W, et al. Carbon nanotube-multilay-
ered graphene edge plane core-shell hybrid foams for ultrahigh-
performance electromagnetic-interference shielding [J]. Adva-
nced Materials, 2017, 29(31): 1701583.

LEE S H. KANG D, OH I K. Multilayered graphene-carbon
nanotube-iron oxide three-dimensional heterostructure for flexi-
ble electromagnetic interference shielding film [ J]. Carbon,
2017, 111. 248-257.

KONG L, YIN X W, XU H L. et al. Powerful absorbing and
lightweight electromagnetic shielding CNTs/RGO composite[ ] ].
Carbon, 2019, 145, 61-66.

CAO W Q, WANG X X, YUAN J, et al. Temperature depend-
ent microwave absorption of ultrathin graphene composites[ J].
Journal of Materials Chemistry C, 2015, 3(38): 10017-10022.
CAO M S, WANG X X, CAO W Q, et al. Thermally driven
transport and relaxation switching self-powered electromagnetic

energy conversion[ J]. Small, 2018, 14(29) . 1800987.



FAsE BT £ 0 B RLTE B R B L 1) B 0 23

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

(48]

[49]

[50]

[51]

WANSJ, LI Y C, MU J K, et al. Sequentially bridged gra-
phene sheets with high strength, toughness, and electrical con-
ductivity[ J]. Proceedings of the National Academy of Sciences,
2018, 115(21): 5359-5364.

XIANG C, GUOR H, LIN SJ, et al. Lightweight and ultra-
thin TiO;-Ti;C, T, /graphene film with electromagnetic interfer-
ence shielding[ J]. Chemical Engineering Journal, 2019, 360;
1158-1166.

XIJ B, LIY L, ZHOUE Z, et al. Graphene aerogel films with
expansion enhancement effect of high-performance electromag-
netic interference shielding[J]. Carbon, 2018, 135, 44-51.
LIU SP, LIUJ G, XU Z, et al. Artificial bicontinuous laminate
synergistically reinforces and toughens dilute graphene compos-
ites[J]. ACS Nano, 2018, 12(11): 11236-11243.
ACQUARELLI C, RINALDI A, TAMBURRANO A, et al.
Graphene-based EMI shield obtained via spray deposition tech-
nique[ C] // 2014 International Symposium on Electromagnetic
Compatibility. Gothenburg: IEEE, 2014, 488-493.

FAN C, WU B, SONG R G, et al. Electromagnetic shielding
and multi-beam radiation with high conductivity multilayer gra-
phene film[J]. Carbon, 2019, 155: 506-513.

SHEN B, LI Y, YI D, et al. Microcellular graphene foam for
improved broadband electromagnetic interference shielding[]].
Carbon, 2016, 102 154-160.

SHEN B, ZHAI W T, ZHENG W G. Ultrathin flexible gra-
phene film; an excellent thermal conducting material with effi-
cient EMI shielding[J]. Advanced Functional Materials, 2014,
24(28): 4542-4548.

CAO M'S, SONG W L, HOU Z L, et al. The effects of temper-
ature and frequency on the dielectric properties, electromagnetic
interference shielding and microwave-absorption of short carbon
fiber/silica composites[]J]. Carbon, 2010, 48(3); 788-796.
WEN B, CAOM S, HOU Z L, et al. Temperature dependent
microwave attenuation behavior for carbon-nanotube/silica com-
posites[J]. Carbon, 2013, 65: 124-139.

WEN B, CAO M S, LU M, et al. Reduced graphene oxides:
light-weight and high-efficiency electromagnetic interference
shielding at elevated temperatures [ J]. Advanced Materials.,
2014, 26(21) . 3484-3489.

WANG X X, SHU J C, CAO W Q. et al. Eco-mimetic nanoar-
chitecture for green EMI shielding [ J]. Chemical Engineering
Journal, 2019, 369. 1068-1077.

KUMAR P, SHAHZAD F, YU S, et al. Large-area reduced
graphene oxide thin film with excellent thermal conductivity and
electromagnetic interference shielding effectiveness[ J]. Carbon,
2015, 94 494-500.

WAN SJ, CHENY, WANG Y L, et al. Ultrastrong graphene
films via long-chain w-bridging[J]. Matter, 2019, 1(2).: 389-
401.

ZHANG Y., HUANG Y, ZHANG T F. et al. Broadband and
tunable high-performance microwave absorption of an ultralight
and highly compressible graphene foam[]J]. Advanced Materi-
als, 2015, 27(12): 2049-2053.

[52] CHENYJ, LEIZY, WU H Y, et al. Electromagnetic absorp-
tion properties of graphene/Fe nanocomposites[ J]. Materials
Research Bulletin, 2013, 48(9): 3362-3366.

[53] WANG Y, GAO X, LIN C H, et al. Metal organic frameworks-
derived Fe-Co nanoporous carbon/graphene composite as a high-
performance electromagnetic wave absorber[ J]. Journal of Al-
loys and Compounds, 2019, 785 765-773.

[54] BISWAS S, BHATTACHARJEE Y, PANJA S S, et al. Gra-
phene oxide co-doped with dielectric and magnetic phases as an
electromagnetic wave suppressor[ J]. Materials Chemistry Fron-
tiers, 2017, 1(6) . 1229-1244.

[55] ZHULY, ZENG X J, LI X P, et al. Hydrothermal synthesis of
magnetic Fe; Oy /graphene composites with good electromagnetic
microwave absorbing performances[]]. Journal of Magnetism
and Magnetic Materials, 2017, 426 114-120.

[56] ZHANY H, MENG Y Y, YAN N, et al. Enhancing electro-
chemical performance of Fe;(;/graphene hybrid aerogel with
hydrophilic polymer[ J]. Journal of Applied Polymer Science,
2017, 134(48): 45566.

[57] WANG S S, ZHAO Y. XUE H L, et al. Preparation of flower-
like CoFe;O; @ graphene composites and their microwave ab-
sorbing properties[ J]. Materials Letters, 2018, 223 186-189.

[58] ZHANG N, HUANG Y. ZONG M, et al. Synthesis of ZnS
quantum dots and CoFe; ), nanoparticles co-loaded with gra-
phene nanosheets as an efficient broad band EM wave absorber
[J]. Chemical Engineering Journal, 2017, 308. 214-221.

[59] WANG Y, FUY Q, WU X M, et al. Synthesis of hierarchical
core-shell NiFe,O; @ MnQO; composite microspheres decorated
graphene nanosheet for enhanced microwave absorption perform-
ance[ J]. Ceramics International, 2017, 43(14): 11367-11375.

[60] ZHANG K C, GAO X B, ZHANG Q. et al. Synthesis, charac-
terization and electromagnetic wave absorption properties of as-
phalt carbon coated graphene/magnetic NiFe, O, modified multi-
wall carbon nanotube composites [ J]. Journal of Alloys and
Compounds, 2017, 721 268-275.

[61] ZHANG N, HUANG Y, WANG M Y. Synthesis of graphene/
thorns-like polyaniline/a-Fe, O3 (@ SiO; nanocomposites for light-
weight and highly efficient electromagnetic wave absorber[ ] ].
Journal of Colloid and Interface Science, 2018, 530 212-222.

[62] ZHAO B, ZHAO C X, HAMIDINEJAD M., et al. Incorpora-
ting a microcellular structure into PVDF/graphene-nanoplatelet
composites to tune their electrical conductivity and electromag-
netic interference shielding properties[J]. Journal of Materials

Chemistry C, 2018, 6(38): 10292-10300.

EEWH HEARF ARG R E (41180991 5 HL 74 FF 55200 [H K
TS S A 400 H W B (614220504030617)

Y75 B #3:2019-10-06 ;81T B #8: 2020-03-10
BIRER 25 301980—), B, 042, [+, NS R 59 1 5 A R
D SR I 1 QN e 7] 2 W v L 0 B NI <3 B = O 2
(430070) , E-mail : bwli@ whut. edu. cn

(AXFrm:® &)



