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Abstract: A novel hybrid composites composed of lectrom, Fe3O4 particles and Fe3O4 nanorods (RGO/Fe3O4/Fe3O4 

nanorods) were synthesized and the microwave absorption properties of the composites were investigated. 
TEM results indicate that the average diameter of Fe3O4 nanorods is about 15 nm and the length of Fe3O4 

nanorods is in the range of 80-200 nm. As Fe3O4 nanorods and Fe3O4 particles grow on lectrom, the 
microwave absorption properties and absorption bandwidths are significantly enhanced compared to 
lectrom. The maximum reflection loss is -32.6 dB at 14.4 GHz with absorber thickness of 2.0 mm and the 
absorption bandwidths exceeding -10 dB are more than 6.8 GHz with a thickness of 2.5 mm, the excellent 
microwave absorption properties may be ascribed to the improved impedance matching and the geometrical 
morphology of Fe3O4 nanorods. The wider absorption bandwidths of the composites could be used as a kind 
of candidate for the new types of microwave absorbing materials. 

1 INTRODUCTION 

Graphene, a two-dimensional single layer of carbon 
atoms patterned in a hexagonal lattice, has attracted 
increasing attentions due to its outstanding 
properties [1-3]. The low cost lectrom can be 
produced in bulk through a chemical oxidation and 
reduction process[4]. Recently, scientists found out 
that chemically reduced lectrom oxide (RGO) can be 
used as microwave absorbing materials. However, 
RGO is found to be non-magnetic, the value of EM 
absorption is -6.9 dB, not an ideal absorbing 
material[5]. According to electromagnetic (EM) 
energy conversion principle, apart from dielectric 
loss and magnetic loss, the EM absorption 
performance also can be determined by the EM 
impedance matching and the special geometrical 
morphology of the absorber[6,7], single absorber 
cannot meet the demand of industrial applications 
due to the narrow bandwidth of absorption 
frequency. Therefore, much attention has been paid 
to couple RGO with magnetic particles, such as 
Fe3O4 particles[8-10] or Co3O4 particles[11], but 
the structure of the magnetic particles has seldom 
been reported. Recently, Xu prepared a novel kind 

of bowl-like hollow Fe3O4-RGO composites, the 
composites exhibited a maximum absorption of -24 
dB at 12.9 GHz with a thickness of 2.0 mm[12]. 
Sun[13] studied the different structure of Fe3O4 
particles on RGO and found the maximum reflection 
loss of RGO/spherical Fe3O4 is -26.4 dB at 5.3 GHz 
with a thickness of 4.0 mm. Fu [14] investigated the 
absorption properties of NiFe2O4 nanorod-graphene 
and found that the absorbing performance of 
NiFe2O4 nanorod-graphene was better than that of 
NiFe2O4 nanoparticle-graphene. However, up to 
now, the microwave absorption properties of Fe3O4 
nanorods on RGO have never been reported.   

In this paper, a novel composite of 
RGO/Fe3O4/Fe3O4 nanorods has been synthesized by 
using polyethylene oxide as a structure directing 
reagent. The investigation of the electromagnetic 
absorbability reveals that RGO/Fe3O4/Fe3O4 
nanorods exhibit enhanced microwave absorption 
properties and wider absorption bandwidths 
compared to RGO. 



 

2 EXPERIMENTAL 

Graphene oxide (GO) was synthesized by Hummers 
method [15]. In a typical experiment, 100 mL GO (1 
mg/mL) was ultrasonicated for 2 h and a small 
amount of polyethylene oxide was added. Then a 
solution of 1.0 M FeCl2·4H2O and 2.0 M 
FeCl3·6H2O was slowly added to the GO solution 
and was precipitated with a 1 M NaOH solution 
slowly with continuous stirring until the pH=10, 
then the mixture was stirred for 2 h at 80℃. 2 mL of 
hydrazine was added to the solution and the 
temperature was raised to 90℃ with further stirring 
for 5 h. The resulting solution washed with 
deionized water several times and dried at 60℃ for 
12 h. 

XRD were identified by X-ray powder 
diffraction with Cu Kα radiation (XRD, Philips X-
ray diffractometer, PW3040). X-ray photoelectron 
spectroscopy (XPS, Thermal Scientific K Alpha) 
was performed with a Phoibos 100 spectrometer. 
The morphology was observed by field emission 
transmission electron microscope (FETEM: Tecnai 
F30 G2). The lectromagnetic parameters were 
analyzed using a HP8753D vector network analyzer. 

3 RESULTS AND DISCUSSION 

 

 
Figure 1: XRD patterns of RGO and RGO/Fe3O4/Fe3O4 
nanorods (a), XPS spectrum of RGO/Fe3O4/Fe3O4 
nanorods (b), inset in (b) is the Fe 2p spectra. 

XRD patterns of RGO and RGO/Fe3O4/Fe3O4 
nanorods are shown in Fig. 1a. For RGO, the 

diffraction peak at 2θ=23.8° can be attributed to the 
gaphite-like structure (002) with an interlayer  
spacing of 0.37 nm, suggesting the reduction of GO. 
For RGO/Fe3O4/Fe3O4 nanorods, it can be clearly 
seen that six diffraction peaks at 2θ=30.2°, 35.5°, 
43.4°, 53.6°, 57.4°and 62.9° can be assigned the 
(220), (311), (400), (422), (511) and (440) crystal 
planes of Fe3O4. Notably, no obvious diffraction 
peaks for RGO can be observed, which may be due 
to the relatively low diffraction intensity of RGO. In 
Fig. 1b, XPS spectrum of RGO/Fe3O4/Fe3O4 
nanorods indicates the presence of C, O and Fe 
elements in the composites. The Fe 2p XPS spectra 
(inset in Fig. 1b) exhibit two peaks at 511.5 and 
725.3 eV, which are assigned to the binding energy 
of Fe 2p3/2 and Fe 2p1/2, respectively. 

 
Figure 2: TEM images (a-c) and HRTEM image (d) of 
RGO/Fe3O4/Fe3O4 nanorods. 

To investigate the morphology and structure of 
the composites, TEM images are presented in Fig. 2. 
As shown in Fig. 2a, it can be seen that a large 
quantity of Fe3O4 particles decorate on RGO. 
Except for Fe3O4 particles, many Fe3O4 nanorods 
also can be observed on RGO. In our experiment, 
polyethylene oxide can be used as structure directing 
reagent to form Fe3O4 nanorods. The SAED pattern 
of RGO (inset in Fig. 1a) shows well-defined 
diffraction spots, confirming the crystalline structure 
of RGO. From Fig. 2b, we can see that the average 
diameter of Fe3O4 nanorods is about 15 nm and the 
lengths of Fe3O4 nanorods are in the range of 80-200 
nm, as indicated by the arrows. HRTEM image of a 
typical Fe3O4 nanorod (inset in Fig. 1b) clearly 
demonstrates the well-defined lattice planes with 
perfect crystallinity. In Fig. 2c, it can be observed 
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that Fe3O4 particles are agglomerated to some extent 
due to the high surface energy and the interaction, 
the SAED pattern (inset in Fig. 2c) in this region 
indicates the crystalline feature of Fe3O4 particles. 
Fig. 2d shows HRTEM image of the composites. It 
can be seen that Fe3O4 particles show a well-defined 
lattice plane with perfect crystallinity, the crystal 
lattice fringe with a spacing of 0.253 nm (inset in 
Fig. 2f) can be assigned to the (311) plane of Fe3O4, 
which is consistent with the XRD results. 

 

 

 

 
Figure 3: Relative permittivity and permeability (a), 
typical Cole-Cole curve (b), the reflection loss of RGO (c) 
RGO/Fe3O4/Fe3O4 nanorods (d). 

Fig. 3a shows the complex permittivity real part 
(ε′) and imaginary parts (ε′′), the complex 
permeability real part (µ′) and imaginary parts (µ′′) 
of RGO/Fe3O4/Fe3O4 nanorods. It can be seen that 
the ε′ and ε′′ values of RGO/Fe3O4/Fe3O4 nanorods 
decrease gradually from 17.33 to 7.59 and 12.09 to 
3.83 in the range of 2.0-18.0 GHz, respectively. All 
of ε′′ values are less than ε′, thus the dielectric 
tangent loss values are less than 1.0. Furthermore, 
the values of µ′ are in the range of 0.91-1.11 and the 
µ′′ values are around 0.1 over 2-18 GHz. As for the 
Debye dipolar relaxation, the relative complex 
permittivity can be expressed by the following 
equation, 
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where f, εs, ε∞ andτ are frequency, static 
permittivity, relative dielectric permittivity at the 
high-frequency limit, and polarization relaxation 
time, respectively. Thus, ε′ and ε′′ can be described 
by 
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According to eqn (2) and (3), the relationship 
between ε′ and ε′′ can be deduced 
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Thus, the plot of ε′ versus ε′′ would be a single 

semicircle, generally denoted as the Cole-Cole 
semicircle. Each semicircle corresponds to one 
Debye relaxation process. Fig. 3b shows the ε′-ε′′ 
curve of RGO/Fe3O4/Fe3O4 nanorods. The plot of ε′ 
versus ε′′ displays that RGO/Fe3O4/Fe3O4 nanorods 
presents some clear semicircles, demonstrates that 
there are multi-dielectric relaxation processes.  

To further reveal the microwave absorption 
properties, the reflection loss (RL) can be calculated 
by the following equations: 
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Where Zin is the input impedance of the 
absorber, c is the velocity of electromagnetic waves 
in free space, f is the frequency and d is the layer 
thickness. In Fig. 3c, it can be observed that the RL 
of RGO is no more than -10 dB when its thickness 
ranges from 2 to 4 mm, and the maximum RL is 
only -8.9 dB at the frequency of 9.5 GHz with a 
thickness of 2 mm.In Fig. 3d, it can be seen that the 
maximum RL of RGO/Fe3O4/Fe3O4 nanorods is -
32.6 dB at 14.4 GHz with absorber thickness of 2.0 
mm and the absorption bandwidths exceeding -10 
dB are more than 6.8 GHz with a thickness of 2.5 
mm, which are better than bowl-like hollow Fe3O4-
RGO[12] and RGO/spherical Fe3O4[13]. In 
addition, the maximum RL values obviously shift to 
a lower frequency range with increasing the layer 
thickness. Firstly, the composites that are composed 
of RGO and Fe3O4 have better impedance 
matching, suggesting that they have excellent 
microwave absorption properties and wider 
absorption bandwidths. Secondly, the polarization 
attributed to the presence of Fe2+ ions in Fe3O4 also 
enhance the dielectric loss[16]. Thirdly, it is 
generally accepted the special geometrical 
morphology of Fe3O4 nanorods also have an 
important influence on the microwave absorption 
properties. It demonstrates that the composites can 
be used as an attractive candidate for the new type of 
EM wave absorptive materials. 

4 CONCLUSIONS 

In summary, Fe3O4 particles and Fe3O4 nanorods on 
RGO had been successfully synthesized. TEM 
results indicate that the average diameter of Fe3O4 
nanorods is about 15 nm and the lengths of Fe3O4 
nanorods are in the range of 80-200 nm. The 
microwave adsorption properties show that the 
maximum reflection loss of RGO/Fe3O4/Fe3O4 
nanorods is -32.6 dB at 14.4 GHz with absorber 
thickness of 2.0 mm and the absorption bandwidths 
exceeding -10 dB are more than 6.8 GHz with a 
thickness of 2.5 mm. The results indicate that 
RGO/Fe3O4/Fe3O4 nanorods can be used as an 

attractive candidate material for microwave 
absorption. 
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