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Research progress of fiber absorbing material

Shang Kai Wu Zhihong Zhang Luping Wang Qian Zheng Haikang

(Collage of Materials Science and Engineering, Xi’an University of Architecture and Technology,
Xi’an 710055)

Abstract The absorbing properties of absorbing materials, the key factors that affect radar stealth,has a great
significance on military and civilian use.Fiber with its unique structure and electromagnetic properties is the favour of
the researchers of absorbing materials. The research situation of carbon fiber, silicon carbide fiber and polycrystalline
iron fiber of the absorbing materials as well as the absorbing mechanism were reviewed.The new type of fiber absorbing

materials such as carbon nanotubes and bamboo charcoal fiber on the application in the absorbing field were expounded,

and the development direction of fiber absorbing materials in the future was presented.

Key words carbon fiber,silicon carbide fiber,carbon nanotube.absorbing material

W 7 P B R Y o S A L A% ORI R R A AR
) e AN W7 i B B v % 2 A R SEBOR 2
E2lPi 9N SR A R N S R SR R VE N
IEH AR W H 2w N Re . 9B F AR &
TR e FEL T 5 S 95 24 2 [ R %) L 9 AR R (LA
AR D B SR AR U T
AR b R AR 5 A b e A T R AR B X R
T e W MBI AN [] T 50 Sy A Fi 45 RE 2 Ui £F 4 ik
PR 27 4 55 R P FE TS CHNER JRE VB 45 TR s 9%
SRR 5 I 30 AT g 2 8 WA e o A AR I TR % 98 A
12 8 W BB AR X T 2 B AR 2 A A 2K, B
A TE WSO AT B — | % 2 DR R AT S i 45 ] AL
N 2 B IR B TR | AR 5 I WS L VR 2
WA 3 BT R0 R 4T A Wl bt . DRI 2F 24 b1
HAT ARG PR RE A L P 3 230 T ok A T S Al P
SEAL A WO BT 22 )2 W B bR B DL S R B A

B RN T T AR R AL G 48 2 WO ORI K R L O X
o T 2T 24 W e R BB 9F 9T B A R AT A L R B
TE AR R B K JET5 10]

1 {55 5 R AR

1.1 B £F 4 R R 1 43

Tk £ 4 FL A %5 FE AR 5 B R A ik 3R 50N 55
P Tz N T2 ARG AR . IS 2GR
T 21 24 BH B M BB AT I A0 H Pl AR AR5 L oy 52 BRI
G 4 AL T AT BB (R B Al Bl 2T 2 H BE SR AT
UNF107°Qeem) , HICRHESFE S RE I AEAR 55, DL 3%
2207 T2 A bk b 2 5 3500 6 5 1 5 A
PRI S 2500 LR AT 45 0 1 1 Ak 27 45 2Rl 3R T e 1k ik
LA AW MERE . R R Y TR
(1) U732 Tl 2 A kA T FE S I8 455 21 48 00 45 44, ofe 18 1
T 21 24 (1% v BEL 8 5 (2) 2 722 i 2T 48 Ak 48 T 19 T2 BR R

HEE2TB : BHE AR FEESTH (50172165) ; 7§ 2B K 2F ILRATF 78 54 (JC1496)
TEHE B R (1993, 53, B+, 32 B2 A= o TR 45 #0 A1 RE X D RE A2 & A RHIF ST .
B R ANEL 9740, 5 48t Bl E0, BTN SRR AR R RE A M ORESE .



559 4 O 2T R R o R .+ 25 -

ZN BRI RS R TR R OGS R G D B 40 AR BE
T DL B 2T 4 S AT A AR LU B LW IR LY
I LA L 28 = 00 2 5 (3) i el i, 76 Bk 2T 2
KWGIAGRE 0T REV LR EY R,
AT R Bl 4T 4 ) HL R PR RE 5 () X Bk £F el R 42
A% B 27 4E 1) R BH R ARAR L B AL i 2T 4 79 A BH R L
1o o W BRI AN A, TR e L ik 2T 4 5 A [ S 5 LE
BRI G PR AL B R ) R A R W PR RE Y
Tk 41 Y-t 2 5 21 4

T B 2T HE AR Dy W 5 O 50K 45 511 | [ 4k 7R 2 3R
FUREL T HARSE s 3R m i, R R A PR, I
1, JLPERE Al LAR R LB R i R — R A
HL TG 7 Th i 21 46 T OB AR Ik 1, 5 A R D™
A IR S DT B BRE HIC R 3T 5 R AT B AR O A A
T AR BEAE T 7 A AR IR R 7 A LR
VI v B AT A 4o o L T SR el g

F1 FEFEREUERTHES SRR ERE

Bt WAL RMC AR
S S OB REIR/ (<—10dB), ;ﬁ;ﬁ

%  GHz dB JEJ¥ /mm

EHER R4 10.0 2~18 —21.62 14. 24GHz,1. 4mm [9]
W4 /Mg 0.5 2~18 —29.60 12.00GHz,3. 0mm [10]
WL/ BRE 4.0 2~18 —16.80 4.20GHz.2.0mm [11]

itk 2F 4t / 53 10.0 2~18 —20.74 2.60GHz,1.0mm [12]

F 5% 22 B L e 21 24 11 % o 1805 OREL 48l B HE AR
AR 5 b Ak A9 W 1 B L AT X R AT 4 0 AT R T
2 P R4S e ol P L 7R S )RR B 0 R 2 4 1 F
i P DA T 0 6 A AT R ) i 3 g 4 o ke 41 4 1)
B R Br it L R S 28 A I R T e 4 A L i — 2P
W I8 Rl 2T 24 1) 1) 45 T2 4 v ik 2T 44 1 WG g B
T A4 8 e 2T 24 1 e A ek T 1K AR Ak L 5 A ARORT 2 0
ARG S EORE R,

1.2 BRALFE LT 4E IR A1 4

WAL T (SIC) £F 4k & 20 22 80 4R A0 & JB A P
1 — 25 B s AR L 1 Sy R R0 R 0 5 ) L EL AT v e
(1 ~ 4GPa) . @& # & (150 ~ 400GPa) . it & I
(>1200°C) (T J& 1t . BE S8 Ak AR B (<Z3. 5g/cm®)
At i HHH PH R AE 10 2 ~10° Qe cm Z 7] 3% 22 7]
PP, 3O BLAE AT A B B AR B — AR
I A 2B A e TR R Y B B R R R, R Al
SiC ZF 4 X} o #2423 B A, 3l 2o i kAT 98 4%
WOV il 22 B A3 0 FLBE R, DR g R B RE

B 9 A1 il g8 SIC MR I8 £F 2 3 R 3R et 1B 2
FICR (W HB Ak AL 248 k) e TR AL R 45 5
P BB R =20 (DX SIC G 4kt 1T R IR
A3, J8 R B (Nicalon) SiC £F 4E 78 2551 i AL FRL I
S H R R I B A A 2T A i B SR AR LA R AR
oA SIC 25 4%t 75 3k I B A —  WOHE B 5 (2) X
SiC 21 447 R W rE R AR B 2T 48 R T TR L TR
BB A B A WSR3 DL AT 2 R
fiE s (XS SIC £F 4 JE 1715 A2 ik 3l 7 SiC £ 4t
Wi — s B RIS it M oc R A, ml o
7 SIC £ 4 A H R BOR G 50 , DL R H A
FE TR I P RE

AR L 21 2 WU A R} IE W15 B R A G b R
K& ks CLSiC LA B A e, ok N Lt 45
G5 RN 2 R S I o T = N = LN = S s P
PERE AR G5 W I M B 1Y SIC-C & A £F 4E. Zhou
TR SR A 2 MR T B B T 4 3% T DR A i Ak R
Kt SiC g4 K 2F 4, H 5 /N T — 10dB 4 98 1k
2.5GHz, FERERHEE A 2. 0omm &4 F . 5 R i
/IME R —19. 9dB. i 4B £F- 4k (1) [ 53 2% WA — 2. 1dB,
st BT RK L SIC A 2T 4E W PR RE AT BIL B, o Rk
T3t g A B DL ] S i M e 52 5 Y 2F 4R I8
kL,

1.3 S RERTERFEME

I ARk A FH 9 DR 2 ORI TR U A T O
M DL SE B A RATIRAS N H . 2 AR ARG TE
AR 1] S o o — 3 B 1 e 7 K BB W gk A R %
S aG T 20 22 80 AEA I . 2 Sk A 4EAE RS
S5 500 v J2 R IR HE 2 IO 800 W I T 2 AT AR AR T
AT DA S B R AR W A, B R LU AR B 4 TR ORI IR A
BRI 40% ~ 602, W J2 M % AT BEAE E 1.5~
2. Okg/m?, [KI, 22 8 4 2F 4 A 5 3k Il W iy T
FHHT S S,

2 (R 2T Y S R TR FE IO R 3 1
B R R R A O I (1) B ARG B
T L 4 B W % 2 i A 3 R R A RS i Ak i AR
O TR A I WEHE . WFoE £ 2 ke g &
T 118 B BEL 23 Al &A1 o (5 FH R 5 J2 S H 0 D6 AR AR TR
SR, FESEBRR F H AT 3 e 2 ot R T B R
HERMAHR, IR LERIGIER T, 44N A
MR AR . 7 A R W T L L B BRI Ay
HUIRFE . B 450 R F AR Kb 3t 22 8 2 4t
HEAT T B A SRk M L AR AR 2 T A A A 1



< 26 - o T BB ow AT &

MR GEN, EE MR gET RN
20 % Cwt J B 4050 T TR W 2 Bl il Wi e g
8~18GHz Bt . /N T — 10dB JZ 5F 5 1) W Wi At 5
A3k 4. 5GHz, s AR A(A A] 35 —25. 38dB.

ARk, 22 Ak £ A W I R R A A7 O T 1 D T
1T UG S 8000 45 1) S Bl i A L E B0 R T
F2 ] A LR 50 Bl 1) T R R AR R T L BT
DL 2T 46 7 U J2 1 B 6 3% U2 W it BE A AR K B
M), 3 e S G SR P 22 R AT Y A O G
P 5 18048+ 5 6 SR FH 2% 1 Ak P4 o v T B E— AP 4R
WP RE . 22 Bk AT A R 1 R RE E S A
FERIW R A 55 A I - A T a0 o g 2 8
A T B ST AT SR

2 R T 4R

2.1 BRYAKE GE AR

H 1991 4EBRAN K (CNTs) # & 3 LAk, A%
SR P 20 DK A5 SR TE 25 4 e T e AR A R L /N A
e S5 A5 2 W A R 5T 3 1 7 Bk L AT T RRE MR
FLL G I TR et B I T O M RECY L 4l CNTs il
FERL/IN A F RO HE LV E A S E
FE AR DU HE , ) 38 a3 2028 CNTs (1 25 48 L HE 31 5 5K
AN R J7, 3 1 H A H Pk BB Sk B2 I Dk M RE
CNTs VBN ] F 76 B 0 5 1 T 7= 26 AR 0 3
FE TR FEL T ] PR e A 5 0 T P % U0 B A A AR
AE 4 AL I NI A8 5 53 4 CNTs HoA 8 5 fY H &
TR AE A R B i o L T W A o o) v 1 08 T R AT &2
FEHG . W E R CNTs A 48 Z 0I5 2R A 9 3=
AR IE U A MR, BCE AE CNTs AT 8%
G R 48 24 L CNTs Ah 8k i v & 8 6 3 )5 T %
CNTs-Rf 1 55 52 & W0 i AR A0 B W g pE e, L
F2, RAZFMEINZLE A 2S5 AR

F2 ORERT /B A PR A

B WL AL AR ST e
it SR/ BB/ RATE/ (<—10dB). ;ﬁ;{
% GHz dB JEJE /mm

BaTiO;/ ZEERYKE 10 2~18 —37.50 3.5GHz,2mm [23]

42k Al O3-TiO, / 5 2~18 —16.00 2.0GHz,2mm [24]
Ak

DAL =4/ B/ 10 2~18 —29.81 3.0GHz,2mm [25]
AN KB

B LR /RS 5 2~18 —23.10 4.6GHz,2mm [26]

[Fi) P B R 1 R 1 52, T R 4 R CNT's Mg
PERE .
2.2 PImRFHEWE R

Wy ¢ I B AT 2 3 Jos il e T i B, B A AN () RUBE
1) L R s A A A . AT 2F Ak S R FH A OKR HER
Fee AT R AR AL, SRS S R R M U A 0 L
24T . AR 4R 5 AT N A B EE 0 0 R AL &
K 330 % 2 ORHLTE AR Gl Rl G — A
TR R, R — T R Ty e M A 4L ©N T R
WL = B ol FH 2 0 A 4B, B TR Y kR
(B

A Je 1) 5 v M B e A T 3 T o T R R TR 3
fiff BE 1 HE % L fiE 2 B 4T AR Lt HLAT — s Wk
AE. AT HE RS LI e L & 08 ik (SO RN JERE, B
il £ PR RE A S B AT B /SIC B A WM R, Qian
VDL BAT IR A B WIE S R/ E AR E
AW MR AE 17. 4GHz 1 F L B AR SR N
—18. 0dB,

3 RE¥

g5 L i B AR X £ 2 0 bR S 2
B AR KA i A AR TR AW 58 A% G2 25 4 W p 4 FL Y
e s 8 IR0 S 8 2 248 W8 5 A4 RO e 0 .
iok £ A W ) 1 I Ak B B 4 R A A R A
H 3 AR 8 B A 5 U 25 A 48 e B A g i
PERE . BRET4E K SiC 25 4k 52 5 W b8 R W % /7K
A AL I B AR B BRI H. XE CNTs AT
i 2T Y S5 7 L £ A 0 5 AR L T S A () R
PERE RS 5 o B i LI B PR RE L T A A IR DR
Tk AT [5] I AR) FH 2254 B S A A e ) SR A s — 2
o LN 2 T B A A BRI T BR800 2 i H T ik
MSCPERE . 4 2T 4 W I b1 ek e J o ol i s i At
R B Rk B 2T 2 oA P e i R e A R B OF 5 T B o
i QAT 20 A5 H A A W 2 S B DR ISR R AE I 30 A R
SR B WS, K 3 R T AR I ) R A R A A W)
R R 45 F O ATF 52 AR

S % ik

[1] ZouTC,WuY B,Li HP.Electromagnetic and microwave ab-
sorbing properties of carbon-encapsulated cobalt nanoparticles
[J].Materials Letters,2018,214:280-282.

[2] MengF B,Wang H G,Huang F,et al. Graphene-based micro-
wave absorbing composites: a review and prospective [ ] ].

Composites Part B,2018,137:260-277.



oMl i

T 45 < 2T 20 W B RHIT 5T i R

o« 27 o

[ 3] Ghasali E,Alizadeh M, Pakseresht A H, et al. Preparation of

silicon carbide/carbon fiber composites through high-temper-
ature spark plasma sintering[ ] ].Journal of Asian Ceramic So-
cieties,2017,5(4) :472-478.

R R e AR S A R R A
A8 0 T 8 R A MR Mk RE TS L) ). Ak T8 YA B, 2017, 45
(6):76-79.

Feng J,PuF Z,Li Z X, et al.Interfacial interactions and syner-
gistic effect of CoNi nanocrystals and nitrogen doped gra-
phene in a composite microwave absorber[]].Carbon, 2016,
104 :214-225.

2K YL B R L M B L SRR AT A Wk b R g BROR B e B
(I R R 58 41 , 2015, 34(11) . 3228-3231.

Luo H.Chen W B,Zhou W,et al.Carbon fiber/Si; N, compos-
ites with SiC nanofiber interphase for enhanced microwave
absorption properties [ J ]. Ceramics International, 2017, 43
(15):12328-12332.

BRI TN R AL AR, 55 G5 W 8 21 4 T 52 5 6 R TF
FEit L) ] BB 41, 2010, 24(7) . 76-79.
IR o = T TG R MBE T Bk 2T Ak 4 R W IR bR A S A
B0 e vk R 72 [0 ). D B AT RHE B, 2011,8(4) 1 17-21.

AR T A AR T K TS B SR TE R A A/ DR A IR R
RIRFZEL] ] AR TR, 2011,1(2) 1 22-25.

XUDH L XUFE R R 2R % BRET 4E R 1M o-Fe 19 MOCVD A= | i
e KO RE B T LD ], T HLBE RE 2 41, 2013, 28 (12) 1 1328~
1332.

XM o 25 B R AR PR o BB R v D A 5 75 5 5 8 4 1 W e
AEL) ). &2 5 R . 2011,1(5) :9-12.

Yuan X Y,Cheng L. F,Zhang L. T.Electromagnetic wave ab-
sorbing properties of SiC/SiO, composites with ordered inter-
filled structure[ ] ].Journal of Alloys and Compounds, 2016,
680:604-611.

Wang J G,Huang S.Liu S,et al. EBSD characterization of the
growth mechanism of SiC synthesized via direct microwave
heating[ J ].Materials Characterization,2016,114;54-61.

Meng Q C,LiZ H,Zhu Y M, et al. Mechanical and x-band die-
lectric properties of vitrified bonded SiC composites[ ] ].Mate-
rials and Design,2016,92:18-22.

Wei Y S.Yue J L, Tang X Z.Enhanced microwave absorbing
properties of FeCo magnetic film-functionalized silicon carbide
fibers fabricated by a radio frequency magnetron method[ J].
Ceramics International,2017,43(18):16371-16375.

Shi Y M, Luo F,Ding D H,et al.Effects of thermal oxidation

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

on microwave absorbing and mechanical properties of SiC/
SiC composites with PyC interphase[ J]. Transactions of Non-
ferrous Metals Society of China,2015,25(5):1484-1489.
Zhou W, Long L,Xiao P,et al.Silicon carbide nano-fibers insi-
tu grown on carbon fibers for enhanced microwave absorption
properties[ ] ]. Ceramics International, 2017, 43 (7); 5628-
5634.
Wl BE 24T, T S L S RO 4R Y A5 15 R O U5 e
WEFELT )AL TR B H . 2017,45(7) :101-103.
BRI RS, RIS, G5 22 Ak A o A T A6 A Ak B RO
WP fEL) 10796 T2, 2016,36(3) : 98-101.
HSCH TR T, B A% L 45 2 BERR 0K 4 /0 &ML =56 2 &
4R B BB W S 1 e T 9 0. Ak T Bk BLL 2017, 45(3)
66-68.
Ali G.Enhanced reflection loss and permittivity of self assem-
bled Mg-Co-Zr substituted barium ferrite dot array on carbon
nanotube[ J].Journal of Magnetism and Magnetic Materials,
2012,324(6):1080-1083.
BRI, AR SETT IR TT AL AR G B R BaTiOs /MWCNT K
JU5 PAN Zefb oF 4 i il & S5 M Re S L0 ] EALM B2 3R,
2010,25(8) :829-834.
TEX R, £ 5L, A2 0 8 26 IR A5 180 WO Bk 49 0K 4/ 4 oK
Al 03-TiO, &4 U J2 1w i 1 68 BF 58 (1. J8 AL B 24 4T
2011,26(3):239-243.
JEL LA A 9 K A 3 A AL 43 T B B AR 2 S R R
il 5 5 RIELD] AL 5t JE st TR, 2011,
Zou T C,Li H P,Zhao N Q. et al.Electro-magnetic and micro-
wave absorbing properties of multi-walled carbon nanotubes
filled with Ni nanowire[ J].Alloys and Compounds.2010,496
(1/2):22-24.
Yang F C,Wu K H,Huang ] W,et al.Preparation and charac-
terization of functional fabrics from bamboo charcoal/silver
and titanium dioxide/silver composite powders and evaluation
of their antibacte-rialll efficacy[ J]. Materials Science and En-
gineering C,2012,32(5) :1062-1067.
AP AR AL TR R A AT IR /SIC S5 M RL S R R I e P
RELT].fik MR 4R 2% 4%, 2018,46 (1) : 1-6.
Qian L. C,Yang S Y., Hong W N, et al.Synthesis of biomor-
phic charcoal/TiO; composites from moso bamboo templates
for absorbing microwave [ ] ]. Bio Resources, 2016, 11 (3);
7078-7090.
Wrfs B #:2018-04-08
&7 H#:2019-06-03

R S, S
! . |
; R A (AL #r A A ) BAE £ 4, www.hgxx.org !
1 i
% |

B e S T e S S S S s S S S ST e S e T T e e e S





