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Abstract: The Fe;O, and graphite composites are prepared by in-situ chemical precipitation. The
effect of mass ratio of Fe; O, to graphite on electromagnetic wave absorbing property of the composites
was investigated. The results show that the intensity of Fe; O, XRD increases with the increase of the
adding amount of Fe; O, in composites. The Fe; O, nanoparticles mainly deposit on the surface of
graphite particles. The Fe; O, nanoparticles coat the graphite surface completely with the increase of
the adding amount of Fe; O, in composite and some Fe,; O,nanoparticles disperse between graphite par-
ticles. The dielectric constant of composites decreases with the increase of Fe;O, amount in compos-
ites. The magnetic permeability is less affected by the amount of Fe;O, in composite. The Fe;O,-
graphite composites with mass ratio of 5:1 and 4:1 show better absorbing property than that of other
samples. The sample of 5:1 shows maximum absorption value of —31. 9dB and the frequency band-
width of reflection loss over —10dB about 5. 0GHz at the thickness of 1. 5mm.
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Fig. 1 The XRD patterns of graphite, Fe;O; and its composites (a)graphite and composites of
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Fig. 2 The SEM images of different mass ratio of Fe;O, to graphite (a)pure graphite; (b)1:1;(c)2:1;(d)4:1;(e)5:1;()9:1
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Fig.3 The electromagnetic parameters of graphite (a)permittivity; (b) permeability
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The electromagnetic parameters of Fe; O,

(a) permittivity; (b) permeability
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The electromagnetic parameters of Fe; O, and graphite composites in different mass ratio

BEE 18519 Fe, O 45 OB 1S I, 247 FL 3 %
(1) R 78 €40 R O B B3 A R L S G

” __ O
g = =
wE o

L0 AR (GH2) 56 5 EK(

@)

S/cm) .

(e 5 (s (D
(@)’ (" (Op s (D"

AKX DA LLE B A AR 0 T’ 5o
BUEH . A E ks A SR M AaBE RN
D LSRN R S 2 0 . B 5 (o) s
(DIBFTLLE . A4S Fe, O, 54 B0 F & H 6 RE b
1 52 1 5 2R SR S W AH X B /N s B Fes O 1 1 1 1Y



48 MR TR 2015 4E 5 H
IE AR ISR Be R T S R
U AR FE S DL BURE W L L AN T Fe, O, 22— R = 20l0g| Za-Zo) (3)
Tl OUSE A I ] A LA 41 o, 450 G 351 TR I B (Zw+Z0)

Fes O S ik I, B A BPRHI 2 K. o (A 5 I
BN AN A e A 88 B AF A & 9 700 B2 1 R
P4 R S i AT — 5 B2 W e 2 i 52 R A i 91 B
1 52 1 3 SR AR/ s He T Fey O, MG FE £ 22
P AEAR B

MRAE AL A I 2 LU R 5 K SRR W b
B 2 S5 TR A BTN T

Z, = %tanh(j?nfd Vypoeeo) (2)

A d Oy B2 WP ORE B IR (Cmm) 5 f Oy AR

(GH2) 5e0 R B 25 0 HLH B e S MFORHI B A H 50
po HBEASHET R 0 AR SR 5

20 FL R e e LA SR R SR T LR T A

A 2, A m g, Z, = 'Z—O(Q)o B2k

KRG, HA K AR B0 S 80 AR TS 3 M
BHE i AR T 5 R B PERE .

Kl 6 2iE i e e it BB AR EE N 1.5,
2.0,2.5mm 1§ Fe, O, . A Fw LM Fe, O, 54858
MBS B £k . B R EH L Fe, O, 54 5
JRAE L 51 F A+ 1 Y PSR i BT B A T I K
ROAEE N L Smm WL 5 1 ORE A R WU I 7R
14. 6GHz, HAH & —31. 9dB, K F — 10dB 11 0 Y 4t
B 5. 0GHz; Mk JEE A 2. Omm A, 4: 1 KB SL7E
10. 4G Hz BUS I i — 33. 5dB. ¢ T — 10dB W i i 4
Vi K 2. 5SGHzs HAR KA MORMRE S SO 55

0 T — 04
5@ oo L©)

o Ya o h # @ ©

o -10 -*-Fe,0, - W ﬁ ; -10p Y ; -10t

kel -a-5:1 ka‘ = = -15}

S -20 v- 411 QH S 20T - X o

"§ 25 —--2:1 V{ 5 251 y i‘g -207

= 1 5 @ 25

& -30[ . Graphite & -30[ - Graphite ! -» Graphite
-35 — B -30 2 14 1

2 4 6 8 10 12 14 16 18
Frequency/ GHz

2 4 6 8 10 12 14 16 18
Frequency/ GHz

2 4 6 8 10 12 14 16 18
Frequency/ GHz

Kl 6 Fe;O4,Fes Oy SHBEAMBIU KA RAFRIEEMBRIE#ML (1. 5mm;(b)2. 0omm;(c)2. 5mm

Fig. 6 The RL properties of Fe; O, ,composites of Fe; O, and graphite,graphite with different thicknesses

(a)1l.5mm;(b)2. 0Omm;(c)2. 5mm

—MRAE LT A5 BORL Y R 2 BRT DL o R Y
LRy Ve e 2 ) o DT A5 52 0 Rk 1) W82 5 P E A 3
P . Fes O, J&— P R B AT 8 15148 AT A F 451 46 £ XX
ST A AR B BRI e I E LS
S5 PR REEL PRI OB B A0 40 FE 4 A5G [ Inp ik B 2 5
AR ARE P DT S 52 5 B R EL AT A 118 TR B P B
WAL A7 3 Fes O, 1 Wiz P RE 2k B 451 23 A5 4k 1) 1
BT S 5 R P 5245 P LSRR Rb B — A REAE — S 4
B W W AN 30 T8 525 ARG B A% TR WAt
X T 52 A ORI WU, T LA A B A R RS [
PRAAEHL ] L [/ A 25 5 . WO 5 FE B AS 7] 14 44 k)
S5 T R W IR R R AS A A R Rk W i R TS Y &
fn. 7E 1. 5~2. 5mm J&BE 0 4 4 7 SR Fe, O, 1
W R AR 55 . P A ) L AE 2.0~18. 0GHz A A
R B W P R A D 7 3K W SR B AT T R A R P i
SO M T A S EEBFEY . M Fe, O, 2 A A i

FE SUAFTERE AR FE (9 1) T » 308 3o 90 8 v 3 1 L o (1 &2
B R EAT B £ Y H A5 FE R 5 G L I8 T LUK A H
RO S S 388 B e (R DC ORI 2 08
A K MR 9B T £ W5 I8 A1 R R A% T I8 A T+ S B I8
LA NN U E 2

ORI VTV U Fe, O, WUBUE 1 18 2
T B Fe, O, GUBEERYHI I 5 4 bR R Fe O, 19 X
S5 S B X 1T BT G R SE B 2 Fe, O,
5040 BRI L 3 Fe, O, 40K 0L B 1277 R
B2 .

()M B Fe, O, 577 B4 o I 5 &
ORISR 2B A6 Fe, O, 5 4RI B9 531 A4+ 1
I L B 4 L B ) W A I S 1. Smm



A3l BSH

JEASE A 25 UBE 5 ] 4 Fea O, -1 28 5 & B1RL IO IR I 1 E 49

B 51 BE S B KR Ik i — 31. 9dB. K F
— 10dB YA 4y 9k 5. 0GHz,

(1]

(2]

(3]

4]

(5]

L6l

[7]

(8]

9]

2% 30k

QI X, YANG Y, ZHONG W, et al. Large-scale synthesis, char-
acterization and microwave absorption properties of carbon nano-
tubes of different helicities[J]. Journal of Solid State Chemistry,
2009, 182(10):2691—2697.

FETE, TRBEAC, ZEMRAE, A5, H R ORI A Rk B F O o R
L], s oo 5k, 2005, 24(1):57—61.

CUI S, SHEN X D, YUAN L S, et al. Research development of
electromagnetic interference shielding and wave-absorbing materi-
als[J]. Electronic Components & Materials, 2005, 24(1):57 —
61.

KIM SS, KIM ST, AHN J M, et al. Magnetic and microwave
absorbing properties of Co-Fe thin films plated on hollow ceramic
microspheres of low density[ J]. Journal of Magnetism and Mag-
netic Materials, 2004, 271(1):39—45.

KIMURA S, KATO T, HYODO T, et al. Electromagnetic wave
absorption properties of carbonyl iron-ferrite/PMMA composites
fabricated by hybridization method[J]. Journal of Magnetism and
Magnetic Materials, 2007, 312(1):181—186.

FRAS VR, I, S RS WA B F LT Mk
TH R R, 2009, 37(11) :24—26.

WANG Y J, XU Y, LU A, et al. Research progress on electro-
magnetic-shielding and absorbing materials [ ] ]. New Chemical
Materials, 2009, 37(11):24—26.

BIVLL. AR Z BB S M r e BT ]. Ay 48 . 2006, 30
(4):511—516.

QIAN J H. Research progress in nanometer multiple-band
stealthy material[J]. Chinese Journal of Rare Metals, 2006, 30
(4):511—516.

FAN Z J, LUO G H, ZHANG Z F, et al. Electromagnetic and
microwave absorbing properties of multi-walled carbon nano-
tubes/polymer composites[ J]. Materials Science and Engineer-
ing: B, 2006, 132(1—2).85—89.

SRRSO BIEE. RS MR e kR )] R AR
KRS TAE, 2008, 37Ul 4):504—508.

ZHANG ], ZHANG W Y, XI Z P. Development of stealth radar-
wave absorbing materials[ J]. Rare Metal Materials and Engineer-
ing, 2008, 37(Suppl 4):504—508.

LAKSHMI K, JOHN H, MATHEW K T, et al. Microwave ab-
sorption, reflection and EMI shielding of PU-PANI composite
[J]. Acta Materialia, 2009, 57(2):371—375.

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

PENG C H, HWANG C C, WAN J, et al. Microwave-absorb-
ing characteristics for the composites of thermal-plastic polyure-
thane (TPU)-bonded NiZn-ferrites prepared by combustion syn-
thesis method[ J]. Materials Science and Engineering: B, 2005,
117(1).27—36.

AZIM S S, SATHEESH A, RAMU K K., et al. Studies on
graphite based conductive paint coatings[ J]. Prog Org Coat,
2006, 55(1).:1—4.

TIHE, ALORE . AN, & KA SRIEGURER BR R PE R
A WA EL] MRS, 2009, 42(8):1—4.

JIAY, REN QF. LI ZP, et al. Microwave absorbance behav-
ior of expanded graphite-based composite electroless plated with
metallic and alloy coatings[ J]. Journal of Materials Protection,
2009, 42(8):1—4.

FAN Y. YANG H. LI M. et al. Evaluation of the microwave
absorption property of flake graphite[ J]. Mater Chem Phys.,
2009, 115(2—3):696 —698.

BIRE, kT, iR, 5. BRI G 8K E SRR
W g ERELT ). A APRER, 2010, 27(5) 7378,

LV SZ, CHEN N, WANG H B, et al. Electromagnetic wave
absorption properties of ferrite and graphite cement-based com-
posite materials[J]. Acta Materiae Compositae Sinica, 2010, 27
(5):73—78.

NI S B, LIN S M, PAN Q. et al. Hydrothermal synthesis and
microwave absorption properties of Fe;O,; nanocrystals[J]. J
Phys D: Appl Phys. 2009, 42(5):055004.

ZHAO R, JIA K, WEI ] J, et al. Hierarchically nanostructured
Fe; Oy microspheres and their novel microwave electromagnetic
properties| J]. Mater Letts 2010, 64(3):457—459.

JIA K, ZHAO R, ZHONG ] C, et al. Preparation and micro-
wave absorption properties of loose nanoscale Fe; Oy spheres[]].
J Magn Magn Mater, 2010, 322(15):2167—2171.

SNOEK ] L. Dispersion and absorption in magnetic ferrites at
frequencies above one Mc/s[J]. Physica, 1948, 14(4):207 —
217.

HETH :EEH AR %S (51207033); Bl ir A L 5w & %
(LBH-Z12271) ; Hh Je 5 4 5 A B OF Al 45 % Tt 4x (HIT. NSRIF. 2013

021)

Wi HH:2013-07-05;(&iT HH:2014-11-21

BREE :FHEA8L—) L W, FEAFHRMR EEEMm S
5 37 45 7 16T (X A9F 9T T R st ik < BRI VT O JR TE T I JR T Tl K 2 — AR
X KB 611 % (150001) , E-mail : xali81@126. com




