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Synthesis and Characteristics of Graphene-Fe @Fe;0, Nano-Composites Materials
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Abstract: The preparation of graphite oxide (GO) was carried out by modified Hummer's method. The multilayer
graphene was obtained by thermally exfoliation of GO. Subsequently, the in situ information of multilayer
graphene-Fe@Fe;0, nano-composite was carried out through the heated decomposition of carbonyl iron. The
microstructure, morphology, and electromagnetic parameters of the graphene-Fe@Fe;0, nano-composite was
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electronic
microscopy (TEM), vibrating sample magnetometer (VSM) and vector network analyzer. The results show that the
sphere shaped Fe@Fe;0, nanoparticles with diameter of less than 50 nm were attached to the graphene layers.
Calculated reflection loss (RL) baked with the perfect metal indicates that the composite has a less than —10 dB
reflection loss in the frequency range of 10~16 GHz under the thickness of 1.5 mm, and reaches peak value of -25

dB reflection loss at 4.3 GHz when the thickness is 3 mm.
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Fig.2 XRD patterns of graphene-Fe @Fe;0, composite
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Fig.3 SEM images of multilayer graphene (a/b) and the decomposition time was 180 and 360 min

of graphene-Fe @Fe;0, composite (¢/d). The illustrations shown in ¢ and d for the FE-SEM images
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Fig4 TEM images of graphene-Fe@Fe;0, composite (a, b) the time of decompositon was

180 min; (c, d) the time of decompositon was 360 min

— 2 WY R SR R B R AR e SRk o
HH Y ORE T BE AR 4 10 W B A A SR AR R T, AR E
BB B 3(c  d)oe il 2 23 g IFE] A 180 1 360 min
1) A 85 0fi-Fe@Fe,0, [ SEM &l | B ¢ B AT UL B 5L 4k
3 fitk Hh B BRORL - B3 50 43 TR A E A AR A R I A
B Ry Hem A B 0T DU 212 A kL7 0B K /)N
AN, HE A ATE W BEE 5 03E I B R
ANWTRE I, BT E 22 )2 0 BRI Y R — 2 A kL
FEE , Wit 5 g A R AT BT T B P R 328 ¥ R A Ak
TR B 1) 2 1 RN 30 2% TR d AR B SR AR R
SPAE 30 nm &£ A
2.1.3 TEM 4347

& 4(a) 7T B 2 AR 0 A A BRI 2
I oy WA R T A A 0RO A
10~50 nm, HR# /3 7E 10 nm 247, X & i T7E
B LR 28 A R RE R B IR 42 28 (180 min), 26K
5 BIEEAIURAR 54> Fe BB R K K
MRS AR — 245 R 5 SEM B WoR 45 R —3,
M 4by AT ROT BRI Fe FIURL AN T 14 2] £ 5
T—Z8UEMN Fe0, WKZTZE, 72)2EE KA NI

4 nm AEAT, RZER SR AT X AT T
AT S AERE R AT B 2 B B Y Fe 1Y 540 9 14 FRAE
WX —45 /5 XRD % E 1 Fes0, MY 4FIEAT
SR — B0 3XA] g 2 DR Sk I A AR A AR DA SR T TR
b AR 5 AR A il | Fe A8 KORL 00U 2 1HT 4 7 B 4
6 Fey0,, AT — 2 305 1 FesO, TRAP R 1%
AALIZRERT Ik Fe BT iF— 2 A b, $&5 HPTE
etk 1L 4(c) AT N, Bl & 3 Al I TR] 09 8 4K | Fe UKL
AWK, #5205 AN B — 2 Fe@Fe 0,
ORI, A A1 B -Fe@Fe,0, B A M BN R RS
¥, NI 4(d) AT & | BEE S iR N W AT 2 S
UL RST W B W 4 5] 48 30 nm A4y 8RS
SEM K45 R85 —3L,

2.2 AEE-Fe@Fe;0, E& WA BB HLIERE

2.2.1  HRBNFE S REIRIT(VSM)

FH P AT AT, 2 LA AL 180 min BF | B St 16 A1
WEAL SR JE (M )N 113 emu-g™, B JJ(H )4 170 Oe,
FIREM) N 14.2 emu-g™; 4 BG4 360 min B
FF S ) 1 R R AL 58 B2 140 emu - g™, B0 1 (H ) N
193 Oe, BT 1 29 emu-g™, B A1 I [A) ) SE 4



PO AR 1 B -Fe@Fe,0, 40K B 5 BB Y il £ B QPR BE DT 5 2081

%10 W
150
100- -‘/
by
504 /
&
i o i
E“ -504 _f
".ﬂ — =« — 180 min
-100-__/,.1" — «—360 min

-150 T T T T
-7500 -5000 -2500 0 2500 5000 7500

H/Oe
FS ok a] 2350 2 180,360 min 447 25/ -
Fe@Fe,0, 5 4 4 Y 2 I 1 B 2k
Fig.5 Room temperature magnetization curves for

graphene-Fe@Fe;0, composite with

decomposition time of 180 min and 360 min
JIT A5 B A Al P9 0L R T 5 RE T T R R KA i
few, X% T Fe PURLAYIZ L KR HE £
B AR S XRD R 1 Fe FRAEAT 5 W 5 B2 19
G5 —E, B -Fe@Fe,0, 55 R R )
IR PR %A R R B o, A S 4 2
(4 Fe 54 ORI B 18 31 SRR IE A9 25 4k 1 1
MBEALIRE 193 emu-g™ 7o AP X EEZJEH T AR
YK Fe KL TR AE A F Fe0,, 754K )
Vo IR Ao B AT i A1
222 HWHEH

Il 6(a) Ay ik ik B 25 53 M 15 T6] 2l 180 AT 360

min B9 G AR, HOBTRE > B (5 1R A 0 L)
83%IS BB AR RS S A0 i KL &, [Ty AT DL oy
f i1 180 min F A4S HLBTHE & W]l T
HA QR & Bon i R a0 ReE X E 2w T

e 3 AN BRI A=Y ER: P SO = o R
B BED; 24 5 B ] 360 min B 22 240 8506 Bk
A OB T B R TE SN 2 2 A0 BRI VR
CF I B BE MR T | B AE X 2 A
WHORKEEAL, I ERE RN o B A
. B 6(b) R H AT 0, B B AT UL B A Bk
BR Ay i 18] HH 180 min ¥4 % 360 min, A4 R
ST FRETAE #0508 2338 K, 302 B T HR AL AR
TR S ARG N, A AR G TR B
T2 1 14 0 B AR, WGP A W TE 4.3 GHz £ A
— W RAE, S AR R IR R AR R AL A 4R
BRI X U A B AR 4 2 T A B M T D A
BE, 24 HRE D A T W Dk A R IR IR B A AR

mmwaingumwmﬁmaﬁaméﬁﬁ
BLAE y AR 8,0 R A 2 L | I S 5 R 3

BRLARE LN R=201g 2 j
A3 FEEEE A 360 min B, ARHE RL 20 F 5 H 1 44
AN R JEEBE A S SR AE L (49 ff B 1] 2% 180 min 1)
RL & TSR B FHAE, AN T8, 4 44 R B
1.5 mm B, 7 10~16 GHz #5R [F 4 J 3 51 #E
BIfE-10 dB LA, HL7E A Ak 5 7 5 1 5 431 R A
Ferk, Rt 2R T A B -Fe@Fe,0, K E
AR A ROR SR TR A — 5 BT AR 45 1) Sk
FVGH KSR (0 /N RSE RN, MR A A RHEBE N 3
mm B | 7F 4.3 GHz Bt , s KRIFERERI-25 dB A&
i, X SRR B SR LRI R A 4.3 GHz A4 72—
HH,

(dB), & 6(c) N

wls @ 2.5 ®) —e— 180 min '
. +— 360 min u'
501 —=— 180 min e 2.04 180 min u" g
*— 360 min e' 360 min u" <
2 40/ s 180mine" £ 1.5 .
s . ot 5 =
# 3] 360 min ¢ g 1l .g
A 204 0.5 E’ 4
10
0 YYVVV VYV VY Vv oy 0.0 -254 - = 3mm
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 20 27476 8 10 12 14 16 18
Frequency / GHz Frequency / GHz Frequency / GHz
6 A1 I -Fe@Fe,0, 55 MBI AR X A HL % (a) B2 152 538 (b) AU ) AR T 18 ()
Fig.6  Frequency dependence of Relative complex permittivity (a), Complex permeability (b) and
Calculated Reflectivity loss of graphene-Fe@Fe;0, composite (c)
3 o= @ Fe@Fe,0, & AR . Fe@Fe0, 5 4 BURL 087 £

R A R W T Z R A -

S SRR T NI S R B A O S Fe RL
FAMITE ) 2~4 nm BUE R Fe 0, 50 )2 T HAot



2082 kMl otk

-

528 B

Ak, ZE0 B -Fe@Fe,0, & A M BHE AN #E
LS FE T35 140 emu-g™, AR ILARIURTE 4.3
GHz Ziti, MEAMEUEEN 1.5 mm B, 7E 10~16
GHz #1233 Bl 9 R R FERI 7E-10 dB LA T 4R
3 mm B, AR R IRFELE 4.3 GHz Ab ik K
{8, 29825 dB, %5 & B BHE 9 K Glis e 5 A1 L
I8 Jo R g U LA TS TR I T L

o SE ¢

[1] Stankovich S, Dikin D A, Dommett G H B, et al. Nature,
2006,442(7100):282-286

[2] Schedin F, Geim A K, Morozov S V, et al. Nature Mater.,
2007,6(9):652-655

[3] Mao Y, Bao Y, Gan S Y, et al. Biosens. Bioelectron., 2011,
28(1):291-297

[4] Lu X J, Dou H, Yang S D, et al. Elecirochim. Acta, 2011,
56(25):9224-9232

[5] Basavaraja C, Kim W J, Kim Y D, et al. Mater. Lett., 2011,
65(19-20):3120-3123

[6] Huang K J, Jing Q S, Wu Z W, et al. Colloid. Surface B,
2011,88(1):310-314

[7] Zhang X F, Quan X, Chen S, et al. Appl. Catal. B-Environ,
2011,105(1-2):237-242

[8] Shen J F, Hu Y Z, Shi M, et al. J. Phys. Chem. C, 2010,
114(3):1498-1503

[9] Li N W, Zheng M B, Chang X F, et al. J. Solid State Chem.,
2011,184(6):953-958

[10]Cong H P, He J J, Lu Y, et al. Small, 2010,6(2):169-173

[11]Fu Y S, Xiong P, Chen H Q, et al. Ind. Eng. Chem. Res.,
2012,51(2):730-736

[12]Kim J, Hong J, Lee K S. Electron. Mater. Leit., 2007,3(3):
169-175

[13]Tie SL, Lee H C, Bae Y S, et al. Colloid Surf. A-Physicochem.
Eng. Asp., 2007,293(1-3):278-285

[14)Jin C Q, Zhong W, Qi X S, et al. J. Appl. Phys., 2008,103
(7):78-82

[15]Zhong W, Tang N, Jin C, et al. Micronanoelectron Technol.,
2008,45(7):373-379

[16]Zhang Y Z, Wang Z, Jiang W. A nalyst, 2011,136(4):702-707

[17]Li H B, Liu M, Lu Y, et al. Chem. Res. Chin. Univ., 2006,
22(4):432-434

[18]TONG Guo-Xiu(# [ 75), GUAN Jian-Guo('F # ), FAN
Xi-An(# 45 %), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2008,24(2):270-274

[19]Ye E, Liu B, Fan W Y. American Chemical Society, 2007,
19(15):3845-3849

[20[Hummers W S, Offeman R E. J. Am. Chem. Soc., 1958,80
(6):1339

[21]Du Q L, Zheng M B, Zhang L F, et al. Electrochim. Acta,
2010,55(12):3897-3903

[22]Zhao X Q, Liu B X, Liang Y, et al. J. Magn. Magn. Mater.,
1996,164(3):401-410

[23Xu C, Wang X, Zhu J W. J Phys. Chem. A, 2008,112
(50):19841-19845

[24]Yan L, Wang J, Han X, et al. Nanotechnology, 2010,21(9):
095708

[25]Liang J J, Wang Y, Huang Y, et al. Carbon, 2009,47(3):922
-925



