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Abstract: With the rapid development of microwave technology, microwave absorption materials ( MAMs) are playing a
more important role in electronic reliability, healthcare, national defense security. High performance MAMs with thin thick-
ness, low density, wide microwave absorption bandwidth and strong absorption have attracted researchers’ great interests. Re-
cently, owing to their low density, high specific surface area, strong dielectric loss and high electronic conductivity, carbon-
based materials have been gradually developed into a kind of high-performance MAMs. Firstly, the mechanism of microwave
absorption was briefly described. And the research progress on carbon-based MAMs, including reduced graphene oxide( RGO)
based composites, carbon nanotubes based composites and porous carbon based composites, was reviewed. Furthermore, the
methods of improving the microwave absorbing performance for carbon-based materials were discussed and analyzed. It is mainly
around the critical factors which have influence on microwave absorbing performance by regulating electromagnetic parameters, im-
proving impedance matching and establishing various loss mechanisms. Moreover, the shortcomings, challenges, and prospects of
carbon-based MAMs were also put forward, which laid the foundation for developing researches in related fields.
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1A R R Ni0'® . B i ( PANT) T
CuS'™ | Zn0"™ | Fe,0,"™  SiC'™"™' 2 &4 RGO Hem %
WAL i LR U 1 B e A U I 2 — . Cao B4
B JeH Hummers 2l 8 EALA BRI (GO) , RIFTFE GO %
TR A7 A K T LA K KL F (CuSt™ | aFe, 0,1 | a
MnS' ' 45) 3 [F B GO W JF AL RGO, 3% 2 ICHLAN KL T
M5 ABEEE RGO R EAERAM th /i 22 i n) &, 38 ]
DLV ALRHBHA I ECM: , 4555 RGO MWL ERE . BR T4%
RGO 5THATHE G, MATidK PANI 4K R A K
HF RGO FZ2 L, MEZIEEN 2.5 mm B, RGO/PANI
R A B R B A A B -45. 1 dB, RL<-20 dB [
#5387 10. 6 GHz,

Chen %" ¥E RGO K 2R MR E K a -Fe, 0,41k
ER(RGO-Fe,0,), Hiil&dfRmE 1 o, &k, FH
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FMAFR A S L B8 PVP B 3 7K J5E A1 22 18] f4 5 A ]
fEfH Fe, O, UIFRLE RGO KfiT; ), Fe, O, 49Kk A
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Fig. 1  Preparing process illustration of RGO-Fe, 0, composites' '
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RGO-Fe,0, i K HHRAETE 6. 1 GHz Fik%]-90.2 dB; 4
WIZEEER 2 mm B, S KSUFHRFEIAS]-78 dB, EAB H
6.7 GHz(11.3~18 GHz) , # k4R RGO, RGO-Fe,0,H
AT ERE, XITHE T Fe,0,#5 RGO 72 [H]
MR RIAZSEEE IS N T RGO-Fe, O, 1Y BRI MR AL T AE, IF
H. Fe,0,5 RGO W PMENEHIZE— LT T2 G MR
PebeRE . 25 LRTIR, KRS A RGO B2 i —E
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MnFe,0, | Ni""%) 5 RGO B4, T HRE S 107
SR, gk AR EGE RGO MY BHPLVC B4t . Fu 2722
BT WUAARST B #4517 NiFe, 0, 40K -RGO A H KL,
HAOFIREALTR AR T 22.5 emw/g; S4JZIEE N 2 mm,
BEMABLE 16.1 GHz B 5 KR ST #8315 51 - 29. 2 dB,
EAB J9 4.4 GHz (13.6~ 18 GHz), Qu %™ ¥ rh 23 (1)
Fe,0,-Fe #1K3k 5 RGO K )Z2E G, Hl#lE G RTER
JEIEREH 4.6 mm I f K SUBHRAEIA S T -58 dB, #EMER
BHY ST ABER 205 RGO MYPABTICEL: , [WI 5] AR5
FEML, A3 = RGO M PERE

£ RGO T[RIE 5 AREYEFIA A FE A BHAL £ 22 41 53
RGO Wil bR | TR 58 #1961, Pan Y M T
Fe,0,@Si0,@ RGO YK &k, A& 20%
iF, IR SHFEIRS] T -26.6 dB, Ren 25 it T —
FlE RGO, Fe,0,@ Fe #7240 K BURL AL ZnO 40K kA4
BCA VU2 S W A RE ) AR NS 20% B, 3X Rl Y 2
IR RE RL<—20 dB BHRAT A5 T 7.3 GHz, &
Z IO AP RLREE 7 43 R AN [ 20 43 Rl B B RIAE T 2
AL 1 TR) R A FE B R 418 4 4 T g v, i 2 o 47 FH 2
TSR ME R . SR, 241505 Al & 1208 24
b, TR 25 R oy i 25 | AL IIAH 28 2 55 )
3.1.3  %3LRGO A A &4H

F a2 AL G5 — 5 T RE AR BL I B, 55— Jr T
] 3 2o FLBR 45 #4 3 b4 1 BT DS B . Zhang 451
Hl T —F A I 3D RGO K, HEEME
1.4 mg/em’, FLBRHRIK 99% , EAB 3% T 52.2 GHz, It
T3 T8 R I A A8 P W e Al B 5

[ Hsf ) 2 22 FL 25 KA FE B | AREME A B 2 32 5 RGO TR
BPERER)— Rk, VEHE IR CoNi A 440 K BTk 71
WA RGO £, Hl411% CoNi/RGO B HAT HK A 25 i
(7 mg/em’), FEARASIIE (7% ) FAEARR 2R (0.8 mm) T

ST S fE (RL=-53.3 dB) ™', ¥ RGO #4
HMEALGH, ARG T R A RE, T E R
KIBURLIY 7 B — L8 = T RGO XL REI A, i
BsR LW PERE . SR RGO A MPREE Y 55 T 258
S HM AR E 5, XMELASEBUR MBI N ], 52 1 B4k
UEAER RGO SRR WL PERE
F 1 EERXEFH RCO EE S RIHIRE E6E
Table 1 Microwave absorption performance of RGO based com-

posites in recent published papers

Efficient

Materials C‘/)'V':;;';s R/LdB bandwidth Thicr:”mess Ref.
/GHy

RGO/PANI 20 -45.1 — 25 [11]
RGO/ CuS/PVDF 5 -327 — 25 [12]
Fe;0,@Si0,@RGO 20 -26.6 34 3 [26]
RGO-Fe,0, 15 -90.2 — 45 [14]
RGO/Zn0 15 -54.2 6.7 24 [13]
RGO/ NiFe,0, 60 -292 44 2 [22]
RGO/ CoNi 7 -533 35 0.8 [26]

3.2 CNT EmRiE#rt

CNT AL S s Ak a5 e TF s & 411z
(DT, T EL— 245 R 25 0 R o 1 e v £ LA IR A
BB EAOL T B AEYERE . I, CNT # k2
0 RS 9 PR 0 A R 0 RS A i S A1 R 2 — . Singh 451
T Bk £F 4k 3% 138 Ak F AR VIR A K T i gk
(CNTCF), 4 CNTCF 7EHSEM 8 H ARG 0. 35%HT,
FAAMENA IR SR FEIR B T -42 dB; WK 0. 5%
A, EABAE|T X JELH 4.5 GHz,

XFCNT M5, HoH 5 00 5 Fi M i Pl U8 5 4 s S
ANFITF g (s, HLAFE ML 3 2R I TR b5 R
(A B ABURE AN T F A FE, PRI AT LA 3 51 A Ath A /i
PR A 3 B VE LR P AN I URE LA . Lu %5 fE £
BERRINKAE (MWCNTs) R IEW ZnO, WFEEEATZIRIE
S AP RE A B R R, BRI vk an gl 3 R
Kong %" FHAK &40k skt CNT, A R0m/b 1 AR
Xof FEL R U8 1) S SR T A HEE AR RE AR

FHEE RGO, X CNT ZLEM MR E, B3 CNT
IR R R A IR T, — RSN EMEES; =
R SHEMEE S
3.2.1 CNI//~% &4

VAR, WIS # Mt /e CNT B A d A R ok 3 2
JHAE CNT FY R BES B 4 i H e PERE . Wang 25600
rRs 37 5 R ZnSn0,(ZSO) Al B £ MWCNTs i, il
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Fig. 3  Schematic illustration of the deposition of ZnO nanocrystals
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Frequency (GHz)

El Incident electromagnetic wave

1111

i1, ZSO@ CNT-130 °C HA7 & i A BB B F i RE, 7
13.5 GHz A, F R EHRFEIREI T-52. 1 dB, 41 4a, 7SO
@CNT-130 CHUIFENLIE R ZIHH T (K 4b) . O AL
P B PR AE R A PHE T3 ZS0@ CNT-130°C HHf77E K
S SE, AR IE f AT O T R R L @
R R 28 25K 7 A T 1R 22 ST AN B R, PR A R A8 Y T 1
B T RGN R E B @ MY 3D 5 45 25
PRGN T S A
3.2.2 CNT/#ibH A4 4

WG| AR 4 I SR A R e, el DLk
CNT (HL R I VERE . T 456 7 0EME 48 i REHURE AN
CNT 19 3 53 48, 38 &oF f7 S0 9 fk 2% 36 il £ 9 CNT/Fe
CNT/Co, CNT/Ni ¥R AW dE g™ >

BEAN, TES . LRI TR WK Bl Al FL 235 440 o 52 i b s %) %
Werkfg, Li 257 af K #E r  l 4 T ERUE R
Fe,0,/CNT(nano Fe,O, compact-coated CNTs, FCCs) FlHi
96 #A 1) Fe,0,/CNT ( nano Fe,O, loose-coated CNTs,
FLCs) , BFSEZE R E M, FCCs T Fe,0, 44 K i ki 0
VNSNS SN B S S I B e R ) B AN B 1 B P
Fe,0,55 CNTs i 4b 8 R 2R 07 222 ] o fof i 117 7= A 00 &2
FEACIHE, AR TR S ERE, WE S FiR,

@@
}‘rlmh
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-
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Fig. 4 RL curves of ZSO@ CNT composites fabricated at different temperature with the thickness of 1. 6 mm and mass fraction of 50% in

paraffin(a) ; Microwave absorption mechanism illustration in the ZSO@ CNT system (b

[F Fof o P N P FE AT BT CNT i 2 48 5 I
Wk P BE (AT 2% 07 ¥, Yang 7Y i 4 T Fe,0,/PPy/
CNTs E A MEL, BIAREMM Fe, 0,5 F /LW PPy, AR
P T CNTs (W B PERE . Sun 25144 0D 11 Ni K ERAI
2D 1) MoS, KBS 1D 19 CNT _E 4145 T 201-MoS, -Ni-
CNTs ZAFRE, X f 201" 25 $2 At T KAy He R AR
SR A L A5 FE LA 3 A BETVE BC, i 201-MoS,-Ni-CNTs
TSI ERE, 2 2 M T I ARk SCik P ARGE
[ CNT He52 6 M0RHG W PERE

)[30]

F2 IEERXEAPH CNT ES S4B AR
Table 2 Microwave absorption performance of CNT based com-

posites in recent published papers

Efficient

Materials C/or‘;l;;;ts Iil(;;" bandwidth Th;cri(]:ass Ref.
/GHz

CNTCF  0.35(in epoxy) —42 2.7 2.5 [27]

7S0@ CNTs 70 =521 — 1.6 [30]

Fe;0,/CNT 30 -43 83 1.5 [7]

Fe;0,/PPy/CNT 20 -259 45 3 [33]

MoS,-Ni-CNTs 30 -50.8 6.04 24 [34]
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Fig. 5 Microwave absorption mechanism illustration of nano Fe;0, compact-

coated CNTs (a) and nano Fe;0, loose-coated CNTs (b) (7

TE L3R CNT JE5Z G0k b, 9RO 73 b e 7E
CNT Pias ol by 5 7e HAMEE I CNT Y& 0 i — i
FEAL2E SR (CVD) S A IR fL 7, 7 BB IR 1 1%
FREIRAT L, BRTA A X 8 B 5 2ok 6l 4 CNT
5 A W AR SR AT BRI
3.3 ZIMEMEHRE

AL R A S LR AR, )2 N AR
REVEREAE S Ay i, 22 FL &5 tho fiff 22 FLAs A N — i B
AW ATRE: 1, LA F AR EL AT (R B RS
A R, AR T A H G Dk AR A% 1E A Z AL RL N
s HK, ZALE5 T L v 2 0 A A AL AR, i
— A5 AR T H R

7 51 22 FLAAA AT A7 A B FE AL 1) B — 1 BB AS DT
BCAgIRIRE , V520058 & 8 FO AL I FE A RS A B Z L bt
Rhrb DA g e PEBE . Fang 25 ) F KRV B U5 i)
2% T Z LWk (rice husk-based porous carbon, RHPC) , F1if
AL BT A Fe Al Co, 43314145 T RHPC/Fe #il
RHPC/Co, %}F RHPC/Fe, MEZEE N 1.4 mm B,
BRI HIFE N -21.8 dB, EAB A% T 5.6 GHz; X T
RHPC/Co, /2SN 1.8 mm I, K G FEL F]
T-40.1dB, EAB 2.7 GHz,

5 RGO, CNT AN\, H i 2 FLask 0 il #5172 58 5 1
B 7 5 LA FERA L 1 G, R AR A 22 ALtk 1) i 5
AT A Z AL W b RE 23 R 3 . — 2 DL 4 Jm A AL
‘B4 (metal organic frameworks, MOFs) SAARA, 81161
MOFs FfE AT #5382 ALI R A ik, R L2 LI
IR BEIE AR, 38 o PR i B Z AL 2 B R
TR K A ST SRR 4G R I 3 2o 2 Dl B A% Ok A A5 B
EUVEZ{RTN
3.3.1 MOFs #&-49 % 3Ls 5 &M 4t

MOFs HA7 Z Fe 50 Fl s 1 L R AL, #4% MOFs
R 2 ] £ 22 FL ik 56 W Dk b L ) — b B R O
Qiang %% | ZIF-67 2 il % T Co/C H A KL, W5
RPHMSH G AREA S, WE 6 Fin., ArHFE
F14) S50 R 8 350 i o A L (R TH R T G R, A R B AE
fi(tand, = /&', URMEANHBIFERR T ) R 1E K
P EEPIRIRE T, Co/C EAMBN A B E
B, SRR, AR ECEN, HET A
AR T il 45 1) Co/ C A MRNARE T AR BN, 1
AR ATAR ) B R I REBAE R 51 A, Co/C-800 HA &
A R R, W PERE IR

Ji T H MOFs M BEAR il 4 T — R 510 4 )8
& E A/ A RRE, B, AR R A Y
Fe,0,UTFE ZIF-67 L, LR A5 5] Fe-Co/ AR ZFLIK
(nanoporous carbon, NPC) BEE&H 8L, H AT Fe, 0, oAyl
HORYE Fe/Co BLLEI, 1521 Fe-Co/NPC fE¥R 2R N
1.2 mm B} BRSO REA S T-21.7 dB . Ma 455
L ZIF-67 NIEHHI % T Cu0@ NPC E 541K, CuO B3I
A$REE T 2L B BTVC Bt RE . MIRJZEE N 155 mm
i, CuO@ NPC 1K R FEIR S| T -57.5 dB, Ih4h,
Liu % F Ni 3% MOFs 5 iR, sefbifil & 7 £ 5L
Ni/C EAMRE, a9 s A Bk Ry S5, 5
I AEBRBTIC M RE . M A IRLEE Sy 500 °C, IR)Z R RE
2.6 mm i}, Z4L Ni/C A MR K FHRFEERE] T
-51.8 dB, EAB 4 3.48 GHz, #\# MOFs il % 1Y £ FLAK%
R S B AL O 2 AL S 4 R B4 B Ak
SEAPRL, TR PR R 4 ) o A R AR
AT ARSI RS, T SO R IR PR RE
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Table 3 Microwave absorption performance of porous carbon
based composites in recent published papers
Materials C’/”v'v‘f;“ R/LdB b}if;:fgtth Th;‘xfness Ref.
/GHz

Ce@cC 50 -39.2 54 1.85 [42]
PHPC/Fe 25 -21.8 5.6 14 [35]
PHPC/Co 25 -40.1 2.7 1.8 [35]
Ni/C foam 10 -45 4.6 2 [40]
Co/C-800 30 -324 3.8 2 [36]
CuO@ NPC 50 =575 4.7 1.55 [38]
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