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Abstract: Nowadays, electromagnetic interference receives great attention for wireless communication and charging,
electronic device, and modern weapons. Materials and the various novelty structures are required and designed to ab-
sorb the emitted electromagnetic wave energy and to minimize reflection of the electromagnetic wave in certain direc-
tion. Development of graphene-based electromagnetic absorption materials are reviewed, consisting of composition
materials with other carbon materials, nano-metal materials, ferrite materials, polymer materials, and non-metallic ma-
terials. The electromagnetic absorption mechanisms is briefly described and the influences of microstructure, fraction
and loss mechanism on the absorption properties are discussed. The future of graphene-based electromagnetic absorp-
tion materials is also prospected.
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Fig. 1 Schematic of electromagnetic loss materials based on different types and structures of grapheme
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Fig. 2 Complex permittivity and reflection loss curves of rGO
(a) Reflection loss curves of rtGOPY; (b) Schematic illustration of MA mechanism of Gmfs®'); (c-d) Frequency dependence of relative
complex permittivity real part (¢') (c) and imaginary part (¢”) (d) of graphite and rGOP”; (e-f) Real parts (¢) and imaginary parts
(f) of permittivity of Gmfs/paraffin composites with different filler contents®"!
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Fig. 3 Complex permittivity and reflection loss curves of rGO/NBR composites
(A) Real part of permittivity (¢')**); (B) Imaginary part of permittivity (¢”)"**!; (C) A possible absorption mechanism;
(D-E) Reflection loss characteristics with thickness: (D) 3 mm and (E) 4 mm for rGO/NBR composites™*!
(a) 2wt% rGO; (b) 4wt% rGO; (c) 10wt% rGO
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Typical microstructures of metal nanomaterials for graphene composites
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Fig. 5 Schematic of relationship between maximum reflectivity and thickness of graphene
based electromagnetic wave loss material
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Tablel Comparison of EMW absorption properties of the materials based on graphene

Reflection

Optimum Effective bandwidth in

Filler Matrix Loss/dB thickness/mm 2-18 GHz/GHz Ref.

rGO Paraffin -7.0 2.0 - [30]

rGO PEO —38.8 1.8 4.10 [39]

Pitch carbon coating grapheme/carbon nanotubes Paraffin -18.9 2.0 ~4.0 [41]
rGO/ polyaniline Paraffin -25.0 2.0 4.0 [131]
rGO-BN Paraffin —40.5 1.6 5.0 [108]

a-cubic Co/GN Paraffin —47.5 2.0 5.3 [48]
Fe;04/N-graphene Paraffin -53.6 1.8 5.0 [79]
Tetrapod-like ZnO/ rGO Paraffin -59.5 2.9 6.9 [56]
MCI/rGO/PVP Paraffin —41.7 2.8 12.52 [128]
rGO/CoFe;04/MWCNT Paraffin —46.8 1.6 3.44 [123]
Gr/Ti@CNT/Fe;04/PANI TPU —63.57 3.0 4.20 [118]
NEZ};%?;;;SE;C Paraffin 511 2.6 4.70 [157]
rGO foams - -33.2 1.0 ~14.00 [158]
3D-rGO/silica textile/PF - -36.0 3.3 4.20 [160]
Porous graphene microflowers Paraffin —42.8 2.0 5.59 [31]

5 #HWRIE

KRG G T I LR AE AT 58 05 vE G
PRI A AR T A, Forp SO S50 5 A i
BARER A MR PERE IR 1 fioR . B AT 5T
T UE B A7 B0 DA R B 25 1) . AR 7 1) 0 %
L PERE, 75005 2 G M RS [R 41 45 18] (4 BH T L
Bic P, $5 A Rl R R AR RE R 55 5 A BRI
SIS 70 AR Al S8 I ARHE 9 HE A FE 2R IR 71,
o EEL R 05 BRRE SR R A, TR B A AT R A,
A 5 ERE A, Nl LAl &R, @i
DI REAR ST I R R REM L . 2, AR
FEL R B RE A LA 31 T RS iz i, BN
TR 3 A 6 L B A oA Ok N FH TR A 7 2 s, {ELCAE DA
NIUA T AT A — Sk ik, ([R5 IRA
A
1) % 20 3 A 55 0 B VR RG R 453 K8 A4 ) W 8 AL 2
Wt

2) = Y 5 A AR SR SR R U 5 ORE B R
Wt

3) A 5 Bk F R AR FE M R Dh e 5 S5 R — A4k
B .

N HE— D BT A SR I R AR RE AR
BMERE, RRTEAH ST RN o L ZH R AR
s B A SBIER S HEAME AT Z, 58
SR T B o TR U EE RN O AL B ST R S A5 —
A H AR, XA 23 ZE H R MR R

J&, I o 1E [ 3 HL R A A 5 B T e 4
((FEE

5% Hk:

[1] KROTO H W, HEATH J R, OBRIEN, S C, et al. C60: Buckmin-
sterfullerene. Nature, 1985, 318(6042): 162-163.

[2] IIJIMA S. Helical microtubules of graphitic carbon. Nature, 1991,
354(6348): 56-58.

[3] GEIM A K, NOVOSELOV K S. The rise of graphene. Nature
Materials, 2007, 6(3): 183-191.

[4] NOVOSELOV K S, GEIM A K, MOROZOV SV, et al. Electric
field effect in atomically thin carbon films. Science, 2004,
306(5696): 666—669.

[5] KIN K, ZHAO Y, JANG H, et al. Large-scale pattern growth of
graphene films for stretchable transparent electrodes. Nature,
2009, 457(7230): 706-710.

[6] GEIM K. Graphene: status and prospects. Science, 2009,
324(5934): 1530-1534.

[7] DMITRY V, KOSYNKINL A L, HIGGINBOTHAM J, et al. Lon-
gitudinal unzipping of carbon nanotubes to form graphene
nanoribbons. Nature, 2009, 458(7240): 872-876.

[8] PANY, ZHANG H, SHI D, et al. Highly ordered, millimeter-scale,
continuous, single crystalline graphene monolayer formed on
Ru(0001). Advanced Materials, 2009, 21(27): 2777-2780.

[9] CHOI W B, LAHIRI I, SEELABOYINA R. Synthesis of gra-
phene and its applications: a review. Critical Reviews in Solid
State and Materials Sciences, 2010, 35(1): 52-71.

[10] ZHU Y W, MURALI S T, CAI W W, et al. Graphene and gra-
phene oxide: synthesis, properties, and applications. Advanced
Materials, 2010, 22(35): 3906-3924.

[11] YOO E J, KIM J, HOSONO E, et al. Large reversible Li storage
of graphene nanosheet families for use in rechargeable lithium on
batteries. Nano Letters, 2008, 8(8): 2277-2282.

[12] LOH K P, BAO Q, ANG P K, et al. The chemistry of graphene.
Journal of Materials Chemistry, 2010, 12(20): 2277-2289.

[13] MOHANTY N, BERRY V. Graphene-based single-bacterium



1268

I e

33 %

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

resolution biodevice and DNA transistor: interfacing graphene de-
rivatives with nanoscale and microscale biocomponents. Nano
Letters, 2008, 8(12): 4469-4476.

EDA G, CHHOWALLA M. Graphene-based composite thin films
for electronics. Nano Letters, 2009, 9(2): 814-818.
MCALLISTER M J, L1J L, ADAMSON D H, et al. Single sheet
functionalized graphene by oxidation and thermal expansion of
graphite. Chemistry of Materials, 2007, 19(18): 4936-4404.

LI D, MULLER M B, WALLACE G G, et al. Processable aque-
ous dispersions of graphene nanosheets. Nature Nanotechnology,
2008, 3(2): 101-105.

MICHELI D, APOLLO C, PASTORE R, et al. X-band micro-
wave characterization of carbon-based nanocomposite material,
absorption capability comparison and RAS design simulation.
Composites Science and Technology, 2010, 70(2): 400-409.
LIANG J, WANG Y, HUANG Y, et al. Electromagnetic interfer-
ence shielding of graphene/epoxy composites. Carbon, 2009,
47(3): 922-925.

YANG L, ZHANG Y C, WANG X, et al. Excellent microwave
absorbing property of multiwalled carbon nanotubes with skin—
core heterostructure formed by outer dominated fluorination. The
Journal of Physical Chemistry C, 2018, 122(11): 6357-6367.
NAL, HUANG G W, L1 Y Q, et al. Enhanced microwave absorp-
tion performance of coated carbon nanotubes by optimizing the
Fe;0,4 nanocoating structure. ACS Applied Materials & Interfaces,
2017, 9(3): 2973-2983.

TIAN X, MENG F B, MENG F C, ef al. Synergistic enhancement
of microwave absorption using hybridized polyaniline@helical
CNTs with dual chirality. ACS Applied Materials & Interfaces,
2017, 9(18): 15711-15718.

PALLAB B. Graphene and MWCNT: potential candidate for mi-
crowave absorbing materials. Journal of Materials Research,
2012, 1(2): 126-132.

WEI L S, KAI L Z, MING J C, et al. A universal permittivity-
attenuation evaluation diagram for accelerating design of
dielectric-based microwave absorption materials: a case of
graphene-based composites. Carbon, 2017, 118: 86-97.

DAY, XING C WEI, YI L X. Tunable microwave absorber based
on patterned graphene. IEEE Transactions on Microwave Theory
and Techniques, 2017, 65(8): 2819-2826.

BIAN W, HATICE M T, MAJID N, et al. Experimental demon-
stration of a transparent graphene millimetre wave absorber with
28% fractional bandwidth at 140 GHz. Scientific Reports, 2014,
4(4130): 1-7.

DAVIDE M, ANTONIO V, ROBERTO P, et al. Synthesis and
electromagnetic characterization of frequency selective radar ab-
sorbing materials using carbon nano-powders. Carbon, 2014, 77:
756-774.

JING Y F, WANG Y, LI Q H, et al. Enhanced electromagnetic
microwave absorption performance of lightweight bowl-like car-
bon nanoparticles. Industrial & Engineering Chemistry Research,
2017, 56(40): 11460—-11466.

OSMAN B, EMRE O P, NURBEK K, et al. Graphene-enabled
electrically switchable radar-absorbing surfaces. Nature Commu-
nications, 2015, 6: 6628—1-9.

XIAN J H, ZHI R H, PEI G L, et al. Graphene based tunable
fractal Hilbert curve array broadband radar absorbing screen for
radar cross section reduction. AIP Advances, 2014, 4. 117103-1—
12.

CHAO W, XIJ H, PING X, et al. The electromagnetic property of
chemically reduced graphene oxide and its application as micro-
wave absorbing material. Applied Physics Letters, 2011, 98:

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

072906-1-3.

CHEN C, XI J B, ZHOU E Z, et al. Porous graphene micro-
flowers for high-performance microwave absorption. Nano-Micro
Letters, 2018, 10(2): 26—1-11.

HUALL, YUHG, YUE Z, et al. Achieving tunable electromag-
netic absorber via graphene/carbon sphere composites. Carbon,
2016, 110: 130-137.

HUI M L, LIN L, HAI B L, et al. Assembling carbon fiber-
graphene-carbon fiber hetero-structures into 1D-2D-1D junction
fillers and patterned structures for improved microwave absorp-
tion. Journal of Physics D: Applied Physics, 2017, 50(13):
135303-1-10.

WEN B, WANG X X, CAO W Q, et al. Reduced graphene oxides:
the thinnest and most lightweight materials with highly efficient
microwave attenuation performances of the carbon world. Nano-
scale, 2014, 6(11): 5754-5761.

CHUN Y C, NEN W P, YI M L, et al. Remarkable microwave
absorption performance of graphene at a very low loading ratio.
Composites Part B-Engineering, 2017, 114: 395-403.

CHEN C Y, PUN W, LIU Y M, et al. Microwave absorption
properties of holey graphene/silicone rubber composites. Com-
posites Part B-Engineering, 2018, 135: 119-128.

WANG Z, LUO J, ZHAO G L. Dielectric and microwave attenua-
tion properties of graphene nanoplatelet-epoxy composites. A7P
Advances, 2014, 4(1): 017139-1-9.

VIVEK K S, ANUJ S, MANOIJ K P, et al. Microwave absorbing
properties of a thermally reduced graphene oxide/nitrile butadiene
rubber composite. Carbon, 2012, 50: 2202 —2208.

XIN B, YING H Z, YONG Z. Green approach to prepare graphene-
based composites with high microwave absorption capacity. The
Journal of Physical Chemistry C, 2011, 115(23): 11673— 11677.
LI J, BI' S, SU X J, et al. Preparation and Characterization of
Flexibility and Lightweight CF-RGO Composites. 2nd Interna-
tional Conference on New Material and Chemical Industry, 2017,
292: 012093.

KAI C Z, XIN B G, QIAN Z, et al. Pitch carbon coating graphene/
carbon nanotubes lightweight composite and their excellent mi-
crowave absorption capacity. Journal of Materials Science-
Materials in Electronics, 2017, 28(2): 1352-1358.

HONG H C, ZHI Y H, YI H, et al. Synergistically assembled
MWCNT/graphene foam with highly efficient microwave absorp-
tion in both C and X bands. Carbon, 2017, 124: 506-514.
YOUIJL,MIAO Y, PIN G, et al. Enhanced microwave absorp-
tion property of Fe nanoparticles encapsulated within reduced
graphene oxide with different thicknesses. Industrial & Engi-
neering Chemistry Research, 2017, 56(31): 8872-8879.

JUNF J, FANG L S, KE Z W, et al. Microwave absorbing proper-
ties of nickel-coated graphene. Journal of Inorganic Materials,
2011, 26(5): 467-471.

YARL,SUY W, DAN L Q, ef al. Tunable electromagnetic wave
absorption properties of nickel microspheres decorated reduced
graphene oxide. Ceramics International, 2017, 43(15): 12904—
12914.

TING T C, FANG D, JIA Z, et al. Hexagonal and cubic Ni
nanocrystals grown on graphene: phase-controlled synthesis,
characterization and their enhanced microwave absorption prop-
erties. Journal of Materials Chemistry, 2012, 22(30): 15190—
15197.

YUAN H R, YAN F, LI C Y, et al. Nickel nanoparticle encapsu-
lated in few-layer nitrogen-doped graphene supported by nitrogen-
doped graphite sheets as a high-performance electromagnetic
wave absorbing material. ACS Applied Materials & Interfaces,



512 W

ek, A BT SR Y F L R AR TT E

1269

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

2018, 10(1): 1399-1407.

GUO H P, JIA Z, SHU L M, et al. Enhancing the electromagnetic
performance of Co through the phase-controlled synthesis of
hexagonal and cubic Co nanocrystals grown on graphene. ACS
Applied Materials & Interfaces, 2013, 5(23): 12716-12724.
LONG Q, XU Z Q, XIAO H H, et al. A facile synthesis of a cob-
alt nanoparticle-graphene nanocomposite with high-performance
and triple-band electromagnetic wave absorption properties. RSC
Advances, 2018, 8(3): 1210-1217.

HUA L L, YU H G, GUANG L W, et al. Interface polarization
strategy to solve electromagnetic wave interference issue. ACS
Applied Materials & Interfaces, 2017, 9(6): 5660—5668.

YI D, ZHENG Z, BAO H L, et al. Investigation on the broadband
electromagnetic wave absorption properties and mechanism of
Co;04-nanosheets/reduced-graphene-oxide composite. Nano Re-
search, 2017, 10(3): 980-990.

PAN B L, YING H, LEI W, et al. Hydrothermal synthesis of re-
duced graphene oxide—Co;O4 composites and the excellent mi-
crowave electromagnetic properties. Material Letters, 2013, 107:
166-169.

BAO P Z, CHUN X L, HAI L, et al. Improving microwave ad-
sorption property of ZnO particle by doping graphene. Material
Letters, 2014, 116: 16-19.

WEI F, YAM W, JUN C C, et al. Reduced graphene oxide deco-
rated with in-situ growing ZnO nanocrystals: facile synthesis and
enhanced microwave absorption properties. Carbon, 2016, 108:
52-60.

XIAO H L, BIN Q, GUANG B J, ef al. Tunable dielectric per-
formance derived from the metal-organic framework/reduced
graphene oxide hybrid with broadband absorption. ACS Sustain-
able Chemistry & Engineering, 2017, 5(11): 10570-10579.
LONG Z, XIAO H Z, GUANG J Z, et al. Investigation on the op-
timization, design and microwave absorption properties of re-
duced graphene oxide/tetrapod-like ZnO composites. RSC Ad-
vances, 2015, 5(14): 10197- 10203.

WEI F, YAM W, JUN C C, et al. Microwave absorbing property
optimization of starlike ZnO/reduced graphene oxide doped by
ZnO nanocrystal composites. Physical Chemistry Chemical Phys-
ics, 2017, 19(22): 14596-14605.

MEI K H, XIAO W Y, LUO K, et al. Graphene-wrapped ZnO
hollow spheres with enhanced electromagnetic wave absorption
properties. Journal of Materials Chemistry A, 2014, 2(39):
16403-16409.

SUKANTA D, SAHU S K, RAMESH O, et al. Reduced-
graphene-oxide-and-strontium-titanate-based double-layered com-

posite: an efficient microwave-absorbing material. Bulletin of

Materials Science, 2017, 40(2): 301-306.

ZHANG H, TIAN X Y, WANG C P, et al. Facile synthesis of
RGO/NiO composites and their excellent electromagnetic wave
absorption properties. Applied Surface Science, 2014, 314: 228—
232.

WANG L, XING H L, GAO S T, et al. Porous flower-like
NiO@graphene composites with superior microwave absorption
properties. Journal of Materials Chemistry C, 2017, 5(8): 2005—
2014.

CHEN C, PAN L M, JIANG S C, et al. Electrical conductivity,
dielectric and microwave absorption properties of graphene
nanosheets/magnesia composites. Journal of the European Ce-
ramic Society, 2018, 38(4): 1639-1646.

CAN Z, BO C W, JIAN Y X, et al. Microwave absorption proper-
ties of CoS, nanocrystals embedded into reduced graphene oxide.
ACS Applied Materials & Interfaces, 2017, 9(34): 28868-28875.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

RUI L Y, BO C W, JIAN Y X, et al. Fabrication of NiCo,-
anchored graphene nanosheets by liquid-phase exfoliation for ex-
cellent microwave absorbers. ACS Applied Materials & Interfaces,
2017, 9(14): 12673-12679.

WANG Y, CHEN D, YIN X, et al. Hybrid of MoS, and reduced
graphene oxide: a lightweight and broadband electromagnetic
wave absorber. ACS Applied Materials & Interfaces, 2015, 7(47):
26226-26231.

PAN B L, YING H, JING Y. et al. Construction of CuS nan-
oflakes vertically aligned on magnetically decorated graphene and
their enhanced microwave absorption properties. ACS Applied
Materials & Interfaces, 2016, 8(8): 5536-5546.

SUKANTA D, GANESH C N, SAHUA S K, et al. Development
of FeCoB/graphene oxide based microwave absorbing materials
for X-Band region. Journal of Magnetism and Magnetic Materi-
als, 2015, 384: 224-228.

HE L H, ZHAO Y, XING LY, et al. Preparation of reduced gra-
phene oxide coated flaky carbonyl iron composites and their ex-
cellent microwave absorption properties. RSC Advances, 2018,
8(6): 2971-2977.

ZHU Z T, SUN X, XUE H R, et al. Graphene—carbonyl iron
cross-linked composites with excellent electromagnetic wave ab-
sorption properties. Journal of Materials Chemistry C, 2014,
2(23): 6582—6591.

ZHANG K, XIE A, SUN M X, et al. Electromagnetic dissipation
on the surface of metal organic framework (MOF)/reduced gra-
phene oxide (RGO) hybrids. Materials Chemistry and Physics,
2017, 199: 340-347.

JIANG T Y, QIANG C L, SHI K L, ef al. Metal organic frame-
work (MOF)-derived carbonaceous Co;04/Co microframes an-
chored on RGO with enhanced electromagnetic wave absorption
performances. Synthetic Metals, 2017, 228: 32—40.

QIANG Z, PING C, Q1 Y, et al. Self-assembly of ternary hollow
microspheres with strong wideband microwave absorption and
controllable microwave absorption properties. Scientific Reports,
2017, 7: 8388-1-9.

LUO H, CHEN F, WANG F, et al. Preparation and microwave
absorption properties of honeycomb core structures coated with
composite absorber. AIP Advances, 2018, 8(5): 056635-1-7.
JIAM W, ZHENG M Y, WEN X L, et al. The effect of GO load-
ing on electromagnetic wave absorption properties of Fe;O./
reduced graphene oxide hybrids. Ceramics International, 2017,
43(16): 13146-13153.

ERLONG M, JIA J L, NAI Q Z, et al. Preparation of reduced
graphene oxide/Fe;O4 nanocomposite and its microwave electro-
magnetic properties. Materials Letters, 2013, 91: 209-212.

LING Y Z, XIAO J Z, XIAO P L, et al. Hydrothermal synthesis
of magnetic Fe;O4/graphene composites with good electromag-
netic microwave absorbing performances. Journal of Magnetism
and Magnetic Materials, 2017, 426: 114—120.

GUI Z W, ZHE G, GENG P W, et al. High densities of magnetic
nanoparticles supported on graphene fabricated by atomic layer
deposition and their use as efficient synergistic microwave ab-
sorbers. Nano Research, 2014, 7(5): 704-716.

LIN L, XING M B, ZHI L H, et al. Electromagnetic response of
magnetic graphene hybrid fillers and their evolutionary behaviors.
Journal of Materials Science: Materials in Electronics, 2016,
27(3): 2760-2772.

WANG X X, MA T, SHU J C, et al. Confinedly tailoring Fe;O,
clusters-NG to tune electromagnetic parameters and microwave
absorption with broadened bandwidth. Chemical Engineering
Journal, 2018, 332: 321-330.



1270

I e

33 %

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

ZHANG K C, GAO X B, ZHANG Q, et al. Carbon coated para-
magnetic Fe;O4 nanoparticles decorated MWCNTs-GNS compos-
ites: synthesis, characterization and their excellent electromag-
netic absorption properties. Journal of Materials Science: Materi-
als in Electronics, 2018, 29(4): 3401-3410.

XIAN J, BIAO W, YU F W, et al. Facile synthesis of Fe;0,/GCs
composites and their enhanced microwave absorption properties.
ACS Applied Materials & Interfaces, 2016, 8(9): 6101-6109.
YING H, XIAO D, SU P L, ef al. Magnetic reduced graphene ox-
ide nanocomposite as an effective electromagnetic wave absorber
and its absorbing mechanism. Ceramics International, 2016,
42(15): 17116-17122.

LIL Z, XIN XY, HONG R H, et al. Facile synthesis of iron oxides/
reduced graphene oxide composites: application for electromag-
netic wave absorption at high temperature. Scientific Reports,
2015, 5(9298): 1-9.

HAI R C, QIANG Z, PING C, et al. Synthesis and electromag-
netic wave absorption properties of matrimony vine-like iron oxide/
reduced graphene oxide prepared by a facile method. Journal of
Alloys and Compounds, 2017, 719: 296-307.

LUO K, XIAO WY, YA ] Z, et al. Electromagnetic wave absorp-
tion properties of reduced graphene oxide modified by maghemite
colloidal nanoparticle clusters. The Journal of Physical Chemistry
C, 2013, 117(38): 19701-19711.

QI H, XIAO S Q, HONG B C, et al. Preparation of porous Fe,0;
nanorods-reduced graphene oxide nanohybrids and their excellent
microwave absorption properties. Scientific Reports, 2017, 7:
11213-1-12.

BIN Q, GUO Y X, DAO R L, et al. Incorporation of dielectric
constituents to construct ternary heterojunction structures for
high-efficiency electromagnetic response. Journal of Colloid and
Interface Science, 2017, 498: 161-169.

ZI'Y S, HONG L X, YANG T Z, et al. Synthesis and enhanced
microwave-absorbing properties of SnO,/a-Fe;O;@RGO com-
posites. Journal of Materials Science: Materials in Electronics,
2017, 28(18): 13896-13904.

DEBABRATA M, SAMYAK D, BARUN K G, et al. Synthesis
and microwave absorption properties of BiFeO; nanowire-rGO
nanocomposite and first-principles calculations for insight of
electromagnetic properties and electronic structures. The Journal
of Physical Chemistry C, 2017, 121(39): 21290-21304.

CHEN W, LIU Q Y, ZHU X X, et al. One-step in situ growth of
magnesium ferrite nanorods on graphene and their microwave-
absorbing properties. Applied Organometallic Chemistry, 2018,
32(3): e4017.

XIAO J Z, GUANG S W, WEN Q C, ef al. Enhanced microwave
absorption property of reduced graphene oxide (RGO)-MnFe,0,4
nanocomposites and polyvinylidene fluoride. ACS Applied Mate-
rials & Interfaces, 2014, 6(10): 7471-7478.

ZEHRA D, ALI D, HUSEYIN K. Synthesis and characterization
of structural and magnetic properties of graphene/hard ferrite
nanocomposites as microwave-absorbing material. Journal of
Materials Science, 2015, 50(3): 1201-1213.

XIAOY W, MEI L S, HUA L J, ef al. Preparation and microwave
absorption properties of CoFe,O4-graphene nanocomposites.
Journal of Inorganic Materials, 2014, 8(29): 845-850.

MENG Z, YING H, NA Z, et al. Influence of (RGO)/(ferrite) ra-
tios and graphene reduction degree on microwave absorption
properties of graphene composites. Journal of Alloys and Com-
pounds, 2015, 644: 491-501.

XING H L, JUAN F, YA P D, et al. One-pot synthesis of
CoFe,04/graphene oxide hybrids and their conversion into

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

(11

FeCo/graphene hybrids for lightweight and highly efficient mi-
crowave absorber. Journal of Materials Chemistry A, 2015, 3(10):
5535-5546.

PALLAB B, CHAPAL K D. Investigation on microwave absorp-
tion capacity of nanocomposites based on metal oxides and gra-
phene. Journal of Materials Science-Materials in Electronics,
2013, 24(6): 1927-1936.

LIN Y, DAI J J, YANG H B, et al. Graphene multilayered sheets
assembled by porous BiFe;O9 microspheres and the excellent
electromagnetic wave absorption properties. Chemical Engineer-
ing Journal, 2018, 334: 1740-1748.

MEI B, SU X J, BI S, et al. Study the Effect of NigsZngsFe;O4
Doped Electromagnetic and Microwave Absorbing Properties on
RGO Based Composites. 2018 IOP Conference Series: Materials
Science and Engineering, 2018, 292: 012077.

BATEER B, ZHANG J J, ZHANG H C, et al. Easily dispersible
NiFe,04/RGO composite for microwave absorption properties in
the X-band. Journal of Electronic Materials, 2018, 47(1): 292-298.
ZHANG Y L, WANG X X, CAO M S. Confinedly implanted
NiFe,04-rGO: cluster tailoring and highly tunable electromag-
netic properties for selective-frequency microwave absorption.
Nano Research, 2018, 11(3): 1426-1436.

YAN F, GUO D, ZHANG S, et al. An ultra-small NiFe,O4 hollow
particle/graphene hybrid: fabrication and electromagnetic wave
absorption property. Nanoscale, 2018, 10(6): 2697-2703.

KAI C Z, XIN B G, QIAN Z, et al. Synthesis, characterization
and electromagnetic wave absorption properties of asphalt carbon
coated graphene/magnetic NiFe,O4 modified multi-wall carbon
nanotube composites. Journal of Alloys and Compounds, 2017,
721: 268-275.

BATRAKOV K, KUZHIR P, MAKSIMENKO S, et al. Flexible
transparent graphene/polymer multilayers for efficient electro-
magnetic field absorption. Scientific Reports, 2014, 4: 7191-1-5.
MANUELA L, ROLAND Y T, SIU H T, et al. Configurable
three-dimensional boron nitride—carbon architecture and its tun-
able electronic behavior with stable thermal performances. Small,
2014, 10(15): 2992-2999.

BO Z G, WEI L, YUAN LYY, et al. Enhanced microwave absorp-
tion properties of graphite nanoflakes by coating hexagonal boron
nitride nanocrystals. Applied Surface Science, 2017, 420: 858—
867.

QUAN L, QIN F X, ESTEVEZ D, et al. Magnetic graphene for
microwave absorbing application: towards the lightest graphene-
based absorber. Carbon, 2017, 125 630-639.

LUO H, ZENG S F, TAN Y Q, et al. Mechanism of microwave
dielectric response in carbon nanofibers enabled BCN composites.
Journal of Materials Science: Materials in Electronics, 2016,
27(10): 10435-10441.

YUE K, ZHEN H J, TIAN M, et al. Hybrids of reduced graphene
oxide and hexagonal boron nitride: lightweight absorbers with
tunable and highly efficient microwave attenuation properties.
ACS Applied Materials & Interfaces, 2016, 8(47): 32468-32476.
YUE K, ZENG Y C, DONG J Z, et al. Incorporate boron and ni-
trogen into graphene to make BCN hybrid nanosheets with en-
hanced microwave absorbing properties. Carbon, 2013, 61: 200—
208.

YAN W, HONG Y Z, YAN B C, et al. Design of hollow ZnFe,0,
microspheres@graphene decorated with TiO, nanosheets as a
high-performance low frequency absorber. Materials Chemistry
and Physics, 2017, 202: 184-189.

YAR W, YONG PP, YU S, et al. Excellent microwave absorption
property of the CoFe,O4/ Y;FesO;, ferrites based on graphene.



512 W

ek, A BT SR Y F L R AR TT E

1271

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

Journal of Materials Science: Materials in Electronics, 2017,
28(17): 12866-12872.

HAIBY, TING Y, YING L, et al. Microwave absorbing proper-
ties of the ferrite composites based on graphene. Journal of Alloys
and Compounds, 2016, 683: 567-574.

PAN B L, YING H, XU S. Excellent electromagnetic absorption
properties of Poly(3,4-ethylenedioxythiophene)-reduced graphene
oxide—Co;0, composites prepared by a hydrothermal method.
ACS Applied Materials & Interfaces, 2013, 5(23): 12355-12360.
HAI B Y, JING J D, XIAO L, et al. Synthesis and enhanced mi-
crowave absorption properties of PVB/ C0,Z/RGO layered com-
posite. Journal of Alloys and Compounds, 2017, 714: 537-545.
QING Y C, MIN D D, ZHOU Y'Y, et al. Graphene nanosheet- and
flake carbonyl iron particle-filled epoxy-silicone composites as
thin-thickness and wide-bandwidth microwave absorber. Carbon,
2015, 86: 98-107.

JIN S L, WEI B L, JONGHWAN S, et al. Superb electromagnetic
wave absorbing composites based on large-scale graphene and
carbon nanotube films. Scientific Reports, 2017, 7: 2349—1-10.
XIE H, YAN X, XIA L, ef al. A three-dimensional graphene/
Fe;04/carbon microtube of sandwich-type architecture with im-
proved wave absorbing performance. Scripta Materialia, 2016,
120: 107-111.

PALLAB B, SAPTARSHI D, MRINAL K K, et al. Graphene and
MWCNT based bi-functional polymer nanocomposites with en-
hanced microwave absorption and supercapacitor property. Mate-
rials Research Bulletin, 2015, 66: 200-212.

QING Q, YU M H, MING Z X, et al. Synthesis and microwave
absorption properties of sandwich-type CNTs/Fe;04/RGO com-
posite with Fe;O4 as a bridge. Journal of Materials Science: Ma-
terials in Electronics, 2017, 28(20): 15043-15049.

HUI Z, MIAO H, PING C, ef al. 3D and ternary rtGO/MCNTs/
Fe;0,4 composite hydrogels: synthesis, characterization and their
electromagnetic wave absorption properties. Journal of Alloys and
Compounds, 2016, 665: 381-387.

DAN P S, QUAN Z, YAN P W, et al. Controllable synthesis of
porous Fe;04@ZnO sphere decorated graphene for extraordinary
electromagnetic wave absorption. Nanoscale, 2014, 6(12): 6557—
6562.

MIAO L, XIAN J C, SHUI R Z, et al. Ternary composites
RGO/MoS,@Fe;04:
wave absorbing performance. Journal of Materials Science: Ma-
terials in Electronics, 2017, 28(22): 16802—16812.

KAI C Z, XIN B G, QIAN Z, et al. Preparation and microwave
absorption properties of asphalt carbon coated reduced graphene

synthesis and enhanced electromagnetic

oxide/magnetic CoFe,O, hollow particles modified multi-wall
carbon nanotube composites. Journal of Alloys and Compounds,
2017, 723: 912-921.

XIAO S Q, QI H, HONG B C, et al. Hetero-nanostructured
Co@carbon nanotubes-graphene ternary hybrids: synthesis, elec-
tromagnetic and excellent microwave absorption properties. Sci-
entific Reports, 2016, 6: 37972—1-15.

RENF, ZHU G M, WU G L, et al. Effects of surfactant treatment
on mechanical and microwave absorbing properties of graphene
nanosheets multiwalled carbon nanotubes cyanate ester compos-
ites. Polymer Composites, 2018, 39(1): 110-118.

JJA'S H, YAN X L, XIAO Y L, et al. Graphene/MWNT/
poly(p-phenylenebenzobisoxazole) multiphase nanocomposite via
solution prepolymerization with superior microwave absorption
properties and thermal stability. Journal of Physical Chemistry C,
2017, 121(2): 1072-1081.

XIAO D W, BING Z L, YANG Z, et al. Synthesis of flake shaped

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

carbonyl iron/reduced graphene oxide/polyvinyl pyrrolidone ter-
nary nanocomposites and their microwave absorbing properties.
Journal of Alloys and Compounds, 2017, 695: 508-519.

XIAO D W, XU L L, BING Z L, et al. One-pot preparation of re-
duced graphene oxide/carbonyl iron/polyvinyl pyrrolidone ternary
nanocomposite and its synergistic microwave absorbing proper-
ties. Materials Letters, 2017, 188: 280-283.

CHIH C C, WEN F L, YU H N, et al. Microwave absorbing
properties of flake-shaped carbonyl iron/reduced graphene oxide/
epoxy composites. Materials Research Bulletin, 2017, 96(Sl):
81-85.

XIANG N C, FAN C M, ZUO W Z, et al. One-step synthesis of
graphene/polyaniline hybrids by in situ intercalation polymeriza-
tion and their electromagnetic properties. Nanoscale, 2014, 6(14):
8140-8148.

YI K Z, WEI Z, ZI H P, et al. Graphene-doped polyaniline nano-
composites as electromagnetic wave absorbing materials. Journal
of Materials Science: Materials in Electronics, 2017, 28(15):
10921-10928.

YU H L, WANG T S, WEN B, et al. Graphene/polyaniline nano-
rod arrays: synthesis and excellent electromagnetic absorption
properties. Journal of Materials Chemistry, 2012, 22(40): 21679—
21685.

PING Y, JIE M, JUAN C, et al. Facile synthesis and excellent
electromagnetic wave absorption properties of flower-like porous
RGO/PANI/Cu,O nanocomposites. Journal of Materials Science,
2017, 52(22): 13078-13090.

PAN B L, YING H, LEI W, et al. Preparation and excellent mi-
crowave absorption property of three component nanocomposites:
polyaniline-reduced graphene oxide-Co;O4 nanoparticles. Syn-
thetic Metals, 2013, 177: 89-93.

PAN B L, YING H, XIANG Z, et al. Synthesis, characterization
and excellent electromagnetic wave absorption properties of
graphene@CoFe,O4@polyaniline
Metals, 2015, 201: 76-81.

XING L C, SHU H Q. Preparation and microwave absorbing
properties of polyaniline/NiFe,O4/graphite nanosheet composites

nanocomposites.  Synthetic

via Sol-Gel reaction and in situ polymerization. Journal of
Sol-Gel Science and Technology, 2017, 81(3): 824-830.

PALLAB B, SAPTARSHI D, GOUTAM H, et al. Graphene dec-
orated with hexagonal shaped M-type ferrite and polyaniline
wrapper: a potential candidate for electromagnetic wave absorb-
ing and energy storage device applications. RSC Advances, 2014,
4(33): 17039-17053.

LIJ S, DUAN Y, LU W B, ef al. Polyaniline-stabilized electro-
magnetic wave absorption composites of reduced graphene oxide
on magnetic carbon nanotube film. Nanotechnology, 2018, 29(15):
155201-1-9.

LEI W, YING H, CHAO L, et al. Hierarchical composites of
polyaniline nanorod arrays covalently-grafted on the surfaces of
graphene@Fe;04@C with high microwave absorption perform-
ance. Composites Science and Technology, 2015, 108: 1-8.

JUAN L, LEI W, DONG Z, et al. Reduced graphene oxide modi-
fied mesoporous FeNi alloy/carbon microspheres for enhanced
broadband electromagnetic wave absorbers. Materials Chemistry
Frontiers, 2017, 1(9): 1786-1794.

SU H Z, YING H, JING Y, et al. Fabrication of ternary
CoNi@SiO,@RGO composites with enhanced electromagnetic
(EM) wave absorption performances. Journal of Materials Sci-
ence: Materials in Electronics, 2017, 28(24): 18558-18567.

BIN Q, CHUN L Z, CHUN Y L, et al. Coupling hollow Fe;O,—Fe
nanoparticles with graphene sheets for high-performance elec-



1272

I e

33 %

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

tromagnetic wave absorbing material. ACS Applied Materials &
Interfaces, 2016, 8(6): 3730-3735.

YU L R, CHUN L Z, SHEN Z, et al. Three-dimensional
Si0,@Fe;04 core/shell nanorod array/graphene architecture: syn-
thesis and electromagnetic absorption properties. Nanoscale, 2013,
5(24): 12296-12303.

SU P L, YING H, XIAO D, et al. Synthesis of core—shell
FeCo@SiO, particles coated with the reduced graphene oxide as
an efficient broadband electromagnetic wave absorber. Journal of
Materials Science: Materials in Electronics, 2017, 28(21):
15782-15789.

JIAN T F, YAN H H, YE C W, et al. Synthesis of hierarchical
ZnFe;,0,@Si0,@RGO core-shell microspheres for enhanced
electromagnetic wave absorption. ACS Applied Materials & In-
terfaces, 2017, 9(16): 14103-14111.

BIN Z, JUN W, XIAO G S, ef al. Enhanced microwave absorp-
tion properties of epoxy composites containing graphene deco-
rated with core-shell Fe;04@ polypyrrole nanoparticles. Journal
of Materials Science: Materials in Electronics, 2017, 28(16):
12122-12131.

PAN B L, YING H, XIANG Z. Synthesis of graphene@ branching-
like polypyrrole@CoFe,O4 composites and their excellent elec-
tromagnetic wave absorption properties. Materials Letters, 2014,
36: 298-301.

BIN L, JIN HL, LUF W, et al. Ultralight graphene aerogel en-
hanced with transformed micro-structure led by polypyrrole
nano-rods and its improved microwave absorption properties.
Composites Part A: Applied Science and Manufacturing, 2017, 97:
141-150.

HUANG Y, YAN J, ZHOU S H, et al. Preparation and electro-
magnetic wave absorption properties of CoNi@SiO, micro-
spheres decorated grapheme-polyaniline nanosheets. Journal of
Materials Science: Materials in Electronics, 2018, 29(1): 70-79.
LEI W, JIAN F Z, HAI B Y, et al. Fabrication of hierarchical
graphene@Fe;0,@SiO,@polyaniline quaternary composite and
its improved electrochemical performance. Journal of Alloys and
Compounds, 2015, 634: 232-238.

LEI W, YING H, XU S, et al. Synthesis and microwave absorp-
tion enhancement of graphene@Fe;04@SiO,@NiO nanosheets
hierarchical structures. Nanoscale, 2014, 6(6): 3157-3164.

YU LR, HONG Y W, MING M L, et al. Quaternary nanocompo-
sites consisting of graphene, Fe;O4@Fe core@shell, and ZnO
nanoparticles: synthesis and excellent electromagnetic absorption
properties. ACS Applied Materials & Interfaces, 2012, 4(12):
6436-6442.

YAN W, XIN M W, WEN Z Z, et al. Fabrication and enhanced
electromagnetic wave absorption properties of sandwich-like
graphene@NiO@PANI decorated with Ag particles. Synthetic
Metals, 2017, 229: 82-88.

YAN W, XIN M W, WEN Z Z, et al. 3D heterostructure of
graphene@Fe;0,@WO;@PANI: preparation and excellent mi-
crowave absorption performance. Synthetic Metals, 2017, 231:
7-14.

TING K Z, XIANG L J, WEN B J, et al. Synthesis and electro-
magnetic wave absorption property of amorphous carbon nano-
tube networks on a 3D graphene aerogel/ BaFe ;09 nanocompo-
site. Journal of Alloys and Compounds, 2017, 708: 115-122.
CHAO L, YING H, JUN J C. Dopamine-assisted one-pot synthesis
of graphene@Ni@C composites and their enhanced microwave
absorption performance. Materials Letters, 2015, 154: 136—139.
CHUN L Z, SHEN Z, YUE S, et al. Incorporation of CoO@Co
yolk-shell nanoparticles and ZnO nanoparticles with graphene

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

sheets as lightweight and high performance electromagnetic wave
absorbing material. Journal of Alloys and Compounds, 2017, 711:
552-559.

YI Z, YI H, TENG F Z, et al. Broadband and tunable
high-performance microwave absorption of an ultralight and
highly compressible graphene foam. Advanced Materials, 2015,
27(12): 2049-2053.

YIZ, YI H, HONG H C, et al. Composition and structure control
of ultralight graphene foam for high-performance microwave ab-
sorption. Carbon, 2016, 105: 438-447.

WEILS, XIAO T G, LI ZF, et al. Strong and thermostable poly-
meric graphene/silica textile for lightweight practical microwave
absorption composites. Carbon, 2016, 100: 109-117.

CHUN Y C, AIB Z, LI C D, et al. A three-dimensional absorber
hybrid with polar oxygen functional groups of MWNTs/graphene
with enhanced microwave absorbing properties. Composites Part
B: Engineering, 2017, 108: 386-392.

WANG L, HUANG Y, LI C, et al. A facile one-pot method to
synthesize a three-dimensional graphene@carbon nanotube com-
posite as a high-efficiency microwave absorber. Physical Chemis-
try Chemical Physics, 2015, 17(3): 2228-2234.

WANG C H, DING Y J, YUAN'Y, ef al. Graphene aerogel com-
posites derived from recycled cigarette filters for electromagnetic
wave absorption. Journal of Materials Chemistry C, 2015, 3(45):
11893-11901.

LIU W W, LI H, ZENG Q P, et al. Fabrication of ultralight
three-dimensional graphene networks with strong electromagnetic
wave absorption properties. Journal of Materials Chemistry A,
2015, 3(7): 3739-3747.

XIE A, WU F, SUN M X, et al. Self-assembled ultralight three-
dimensional polypyrrole aerogel for effective electromagnetic
absorption. Applied Physics Letters, 2015, 106(22): 222902—-1-5.
WANG Y, WU X M, ZHANG W Z. Synthesis and high-
performance microwave absorption of graphene foam/polyaniline
nano-rods. Materials Letters, 2016, 165: 71-74.

HAN M K, YIN X W, DUAN WY, et al. Hierarchical graphene/
SiC nanowire networks in polymer-derived ceramics with en-
hanced electromagnetic wave absorbing capability. Journal of the
European Ceramic Society, 2016, 36: 2695-2703.

ZHANG N, HUANG Y, WANG M Y. 3D ferromagnetic graphene
nanocomposites with ZnO nanorods and Fe;O, nanoparticles
co-decorated for efficient electromagnetic wave absorption.
Composites Part B: Engineering, 2018, 136: 135-142.

LIJS, XIEY Z, LU W B, et al. Flexible electromagnetic wave
absorbing composite based on 3D rGO-CNT-Fe;0, ternary films.
Carbon, 2018, 129: 76-84.

ZENG Q, XU D W, CHEN P, et al. 3D graphene-Ni microspheres
with excellent microwave absorption and corrosion resistance
properties. Journal of Materials Science: Materials in Electronics,
2018, 29(3): 2421-2433.

CHANG Q S, XIAO W Y, MEI K H, et al. Three-dimensional
reduced graphene oxide foam modified with ZnO nanowires for
enhanced microwave absorption properties. Carbon, 2017, 116:
50-58.

MEI K H, XIAO WY, ZE X H, et al. Flexible and thermostable
graphene/SiC nanowire foam composites with tunable electro-
magnetic wave absorption properties. ACS Applied Materials &
Interfaces, 2017, 9(13): 11803-11810.

SHUN D, JUN T S, XING H Z, et al. Strong contribution of in
situ grown nanowires to enhance the thermos-stabilities and mi-

crowave absorption properties of porous graphene foams under



512 W

ek, A BT SR Y F L R AR TT E

1273

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

different atmospheres. Journal of Materials Chemistry C, 2017,
5(45): 11837-11846.

JIAN N M, WEI L, BIN Q, ef al. Incorporation of the polarization
point on the graphene aerogel to achieve strong dielectric loss
behavior. Journal of Colloid and Interface Science, 2017, 504:
479-484.

YU TL, JUN L X, HONG L, et al. Solvothermal synthesis, elec-
tromagnetic and electrochemical properties of jellylike cylinder

graphene-Mn;0, composite with highly coupled effect. Journal of

Solid State Chemistry, 2017, 256: 256-265.

HU C G MOU Z Y, LU G W, et al. 3D graphene—Fe;O,4 nano-
composites with high-performance microwave absorption. Physi-
cal Chemistry Chemical Physics, 2013, 15(31): 13038-13043.
XING M L, ZHAO J Y, RYO 1, et al. Single-source-precursor
synthesis and electromagnetic properties of novel RGO-SiCN ce-
ramic nanocomposites. Journal of Materials Chemistry C, 2017,
5(31): 7950-7960.

QING Y C, WEN Q L, LUO F, et al. Temperature dependence of
the electromagnetic properties of graphene nanosheet reinforced
alumina ceramics in the X-band. Journal of Materials Chemistry
C, 2016, 4(22): 4853-4862.

KONG L, YIN X W, YUAN X Y, et al. Electromagnetic wave
absorption properties of graphene modified with carbon nanotube/
poly(dimethyl siloxane) composites. Carbon, 2014, 73: 185-193.
REN F, ZHU G M, WU G L, et al. Effects of surfactant treatment
on mechanical and microwave absorbing properties of graphene
nanosheets/multiwalled carbon nanotubes/cyanate ester compos-
ites. Polymer Composites, 2018, 39(1): 110-118.

LV X J, DUAN Y P, CHEN G Q. Electromagnetic wave absorp-
tion properties of cement-based composites filled with graphene
nano-platelets and hollow glass microspheres. Construction and

[182]

[183]

[184]

[185]

[186]

[187]

[188]

Building Materials, 2018, 162: 280-285.

QING Y C, NAN H Y, MA LY, et al. Double-layer structure
combined with FSS design for the improvement of microwave
absorption of BaTiOs particles and graphene nanoplatelets filled
epoxy coating. Journal of Alloys and Compounds, 2018, 739:
47-51.

YUAN H R, YAN F, LI C Y, et al. Nickel nanoparticle encapsu-
lated in few-layer nitrogen-doped graphene supported by nitrogen-
doped graphite sheets as a high-performance electromagnetic
wave absorbing material. ACS Applied Materials & Interfaces,
2018, 10(1): 1399-1407.

MADY, LI X X, GUO Y X, et al. Preparation and microwave-
infrared absorption of reduced graphene oxide/Cu-Ni ferrite/
ALO; composites. Materials Research Express, 2018, 5(1):
016106-1-7.

FU C, HE D W, WANG Y S, et al. Synthesis and microwave ab-
sorption properties of graphene-oxide(GO)/polyaniline nano-
composite with gold nanoparticles. Chinese Physics B, 2015,
24(8): 087801-1-5.

REZA M, SOHRAB R, MIR S S D, et al. Microwave absorption
properties of GO nanosheets-xCoFe,0,—NiO nanocomposites
based on epoxy resin: optimization using Taguchi methodology.
Journal of Materials Science: Materials in Electronics, 2018,
29(6): 4583-4595.

ZHANG W D, ZHANG X, QIAO Y L, et al. Covalently bonded
GNPs-NH-PANI nanorod arrays modified by Fe;O4 nanoparticles
as high-performance electromagnetic wave absorption materials.
Materials Letters, 2018, 216: 101-105.

Huang Z Y, Chen H H, Huang Y, ef al. Ultra-broadband wide-angle
terahertz absorption properties of 3D graphene foam. Advanced
Functional Materials, 2018, 28(2): 1704363—1-8.



