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ABSTRACT

Electromagnetic wave absorption materials are widely used in electronic equipment and military fields. However, high cost and
complex preparation processes become a major obstacle in promoting popularization in the civil field. To solve the problems
above, researchers have made great efforts to develop Fe-based carbon composites. However, most of the typical composites
require a high filling ratio while achieving excellent properties. Therefore, in this study, carbon nanofibers (CNFs) combined with
the hollow rice-grained a-Fe,O; nanoparticles were prepared by the in-situ transformation method. The rational microstructure
design provided a solution for reducing the filling ratio, optimizing impedance matching, and improving electromagnetic wave
absorption performance. The strong reflection loss value (-38.1 dB) and broad effective absorption bandwidth (4.6 GHz) for
Fe,0,/CNFs composites were achieved with a low filling ratio (20 wt.%), and the analysis of electromagnetic parameters
validated that the microstructure of Fe,O;/CNFs plays a crucial role in the performance improvement. With the optimized
impedance matching and simple preparation method, Fe,Os/CNFs have broad application prospects in electromagnetic wave

absorption.
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1 Introduction

The advent of the 5G era further intensifies our demands for
electromagnetic wave (EMW) absorption materials [1]. Dealing
with EMW pollution caused by a large number of electronic
devices [2,3] and the urgent requirement for radar stealth
technology in the military field [4-7], it needs to accelerate the
development of new high-efficiency EMW absorbing materials.
However, up to now, simple synthesis methods, controllable
product morphology, inexpensive raw materials, and excellent
EMW absorption performance remain an urgent problem to be
solved, which badly limits the usage of EMW absorption materials
[8-11].

Now, researchers pay more attention to magnetic materials
with the simple manufacturing process and can easily realize
rational microstructure design for improving EMW absorption
abilities. These advantages make ferrite materials become a
hotspot. Ferrite is a kind of double-compound dielectric material,
and the resistivity of ferrite is much bigger than single metal or
alloy magnetic materials [12]. Liu et al. [11] prepared the urchin-
like Fe/a-Fe,O5; nanocomposite. Firstly, using the geometric effect
brought by the isotropic antenna shape, the material can obtain
multiple reflection paths which make the EMW to be effectively
attenuated. Secondly, the presence of Fe,O; crystals can effectively
improve the resistivity of the material and reduce the polarization
degree of the space charge. Zhang et al. [13] constructed holey y-

Fe,0; nanosheets. The increased surface area not only offers more
chance to construct oxygen vacancy and polarization centers, but
also extends the propagation path of EMW inside the material.
The increased electrical conductivity and the strengthened
conduction loss mechanism can improve the impedance matching
ability and enhance EMW absorption performance. For a porous
a-Fe,0; EMW absorber, Cheng et al. [14] explored the effect of
nano-structure on EMW absorption performance and found that
reflection loss (RL) value can be effectively reduced due to the
rough surface of the porous structure, which can increase multiple
reflection paths and scattering intensity. The above work shows
that building porous or enriching reflection paths is essential to
the improvement of material morphology, which plays as a key
factor in EMW energy dissipation.

However, dielectric materials (graphene [15,16], carbon
nanotubes [17, 18], carbon fiber [19, 20], and silicon carbide [21] )
or magnetic materials (Fe- [22], Co- [23], and Ni-based [24]) used
independently are difficult to meet the high standard of low
thickness, lightweight, strong RL, and broad effective absorption
bandwidth (EAB) [4]. The composite materials can provide good
dielectric properties and excellent magnetic loss performance with
a low doping mass [25,26], which has become an efficient
solution to improve impedance matching and enrich the loss
mechanism. Electrospinning technology has low cost, high yield,
high aspect ratio, and excellent mechanical stability [27, 28]. Luo et

Address correspondence to gbsun@bnu.edu.cn

it % £ 2wt

Tsinghua University Press

@ Springer



Nano Res. 2023, 16(4): 5676-5684

al. [29] anchored ultra-small Fe;O, on the surface of carbon
nanofibers (CNFs) in a highly dispersed manner, which could
provide rich interface structures, resulting in strong interface
polarization and polarization lags. Besides, the three-dimensional
(3D) network and the porous structure provide multi-reflections
which lead to more energy loss. In our previous work, we
constructed macro-porous Fe;C/N-C CNFs and CoFe,O,/CNFs
by electro-spinning technology, respectively. SiO, microsphere
was used as the template to construct irregular large holes on the
surface of CNFs to reduce the material density and enhance the
multiple reflection loss. Experiment results show that when the
doping mass was 10 wt.%, the EAB reached 4.6 GHz and the
RL,;, was —22.1 dB [30, 31].

Inspired by the previous studies, we would like to set
microstructural effects as an entry point for exploring EMW
absorption performance improvement. As shown in Fig. 1, we
selected the in-situ transformation method to synthesize
FeOOH/CNFs as the precursor in a constant temperature water
bath and then get the Fe,O,/CNFs by calcination, avoiding the
high temperature/pressure experimental conditions as much as
possible. a-Fe,Os, as a paramagnetic material, only provides poor
magnetic loss ability, which ensures that the composite
performance enhancement is not affected by the magnetic loss
material, but depends more on the advantages brought by the
microstructure. By characterizing the EMW absorbing properties
of composite materials with different nanoparticle load ratios, we
find that the rational design of microstructure successfully makes
up for the weak magnetic loss ability and realizes the EMW
absorption performance enhancement. When the filling ratio
between the Fe,O,/CNFs and the paraffin is 2:8, Fe,0,/CNFs-4
has the best EMW absorption properties. With 2 mm thickness,
the RL,;, is —29.8 dB and the EAB is 4.6 GHz. When the thickness
increases to 2.3 mm, the RL,;, is —38.1 dB with 4 GHz bandwidth,
which is close to even surpassing most relevant composite
materials.

2 Results and discussion

In Fig. 2(a), the Fe,05/CNFs samples show obvious peaks at 24.1°,
33.2° 35.6° 49.5° 54.1° and 62.4°, corresponding to (012), (104),
(110), (024), (116), and (214) of the a-Fe,O;, respectively (JCPDS
card No. 33-0664). Compared with Fig.S3 in the Electronic
Supplementary Material (ESM), the characteristic peaks of (110)
and (310) at 11.8° and 26.7° disappear, proving that all FeO(OH)
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in the composites has been transformed into a-Fe,O;. According
to the X-ray diffraction (XRD) results above, the Fe,O5/CNFs are
successfully prepared by the in-situ transformation method.

Figure 2(b) and Fig.S4 in the ESM show the surface
composition of the Fe,0,/CNFs collected by X-ray photoelectron
spectroscopy (XPS). The XPS peaks of C 1s, Fe 2p, and O 1s for
Fe,03/CNFs-4 composites can be found in Fig. 2(b,), respectively.
The C 1s spectrum of the composite material in 284.8, 286.2, and
288.3 eV (Fig. 2(b,)) could be assigned to C-C, C-O, and C-N
bonds, respectively [31]. Figure 2(b;) presents the Fe 2p in
Fe,05/CNFs, with the obvious satellite peaks at 718.8 and
733.6 eV, suggesting the presence of Fe** [31-33]. The Fe 2p,,
(711.9 eV) and Fe 2p,, (725.0 eV) for Fe,O; broaden and shift to
high binding energy due to the appearance of Fe** on the surface
[33]. The coexistence of Fe** and Fe** states may be caused by a
small amount of Fe* directly contacted with active carbon being
reduced to Fe** under Ar atmosphere and high temperature [34].
However, due to the short calcination time and low calcination
temperature, the content of Fe** is not high enough, there is no
other phase generated in XRD, and the main composition is a-
Fe,O; [35]. Figure 2(b,) shows the O 1s spectra of Fe,O,/CNFs-4
material, in which the binding energy of lattice oxygen, oxygen
defect, and surface adsorbed oxygen is around 530.0, 531.5, and
533.3 eV, respectively, further supporting the formation of a-
Fe,0;.

The Raman spectra of Fe,05/CNFs and pure CNFs materials
are shown in Fig. 2(c). The D and G bands of the carbon usually
show two broad peaks at 1,332 and 1,580 cm™ [36], and the I;y/I;
value is related to the disorder degree of the carbon material.
Compared with pure CNFs, the Ip/I; value of the composite
material generally increases from 0.99 to 1.29, indicating that the
number of sp® hybrid carbon atoms and the defects in composite
materials is more than in pure CNFs. The more Fe,O,
nanoparticles there are, the more defects, which act as polarization
centers in the changing electromagnetic field, will be caused.
Figure S5 in the ESM shows the thermo gravimetric analysis
(TGA) curve of the Fe,0;/CNFs. Due to the decomposition of
CNFs in the air, the mass of the material remains stable after
600 °C, so we can obtain the content of Fe,O; in the different
composite materials. Figure S5 in the ESM shows the mass loss of
60.44%, 50.71%, and 40.30%, corresponding to Fe,O;/CNFs-2,
Fe,0,/CNFs-4, and Fe,O,/CNFs-6, respectively. The content of
the composite material changes radiantly, which is positively
correlated with the initial addition proportion of FeCl;. However,

Figure1 Schematic diagram of the strategy to prepare a-Fe,O5/CNFs
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Figure2 (a) XRD patterns of Fe,O5/CNFs and pure CNFs, (b) XPS spectra of the Fe,O5/CNFs-4, and (c) Raman shift of Fe,0,/CNFs and pure CNFs.

the mass loss of Fe,O;/CNFs-8 is 39.67%, which is close to
Fe,05/CNFs-6, indicating that the load limit of CNFs has been
reached.

Figures 3(a;)-3(d,) show the scanning electron microscopy
(SEM) images of different composite materials. Compared with
Figs. S1 and S6 in the ESM, Fe,O; nanoparticles packed on the
CNFs surface tightly and densely. After calcination, there is no
agglomeration or morphology collapse. The structure morphology
is maintained, and the size distribution is uniform, about 200 nm.
It can also be observed from Fig. S7 in the ESM that the Fe,O,
nanoparticles show hollow structures based on maintaining their
rice-grained morphology, in which thickness is about 10 nm. In
general, hydrolysis occurs on the surface first, and then inside. The
Kirkendall effect will occur if the hydrolysis and diffusion rate of
the inner (core) is faster than the outer (shell) [37]. The H* or OH"
ions (also known as H,O) escape from their original positions in
the lattice to the surface of the nanoparticle, then form a water
molecular membrane and rapidly evaporate, resulting in the
formation of vacancies in the crystal, and some edges merge into
voids [37]. With the further increase of the temperature in the
next stage, the relative migration of other ions will be caused, and
the diffusion to the cavity will gradually reduce or even eliminate
[38]. Therefore, the Fe,O; nanoparticles with hollow structures
can be found in Fig. S7 in the ESM.

e

Figure3 SEM images of (a;, a,) Fe,0,/CNFs-2, (b, b,) Fe,0,/CNFs-4,
image, and (h) EDX mapping images of Fe,O5/CNFs-4.
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Figures 3(e) and 3(f) are transmission electron microscopy
(TEM) images of Fe,O,/CNFs-4, which clearly show that Fe, O;.
nanoparticles are uniformly loaded on the surface of CNFs and
there is no agglomeration or morphological collapse between the
nanoparticles. As marked in Figs. 3(e) and 3(f), the hollow
core-shell structure of Fe,O; nanoparticles can be seen clearly, and
the shell thickness is about 10 nm. The measured lattice spaces in
Fig. 3(g) are 0.36 and 0.27 nm, which correspond with the (012)
and (104) planes of Fe,O;. In addition, the clear diffraction rings
can be assigned to the (018), (024), and (006) crystal planes of
Fe,0;. The elemental mapping diagram of Fe,O,/CNFs is
consistent with Fig. 3(e), the elements C, O, and Fe coexist in
Fe,0,/CNFs, and the mass percentage of C elements is 50.23%,
which matches well with the TGA result of Fe,O,/CNFs-4 showed
in Fig. S5 in the ESM, proving that Fe,O; is uniformly dispersed
on the CNFs.

The RL curves of FeO(OH)/CNFs and Fe,O,/CNFs (20 wt.%)
in 1-18 GHz are shown in Fig. 4, and Figs. S8 and S9 in the ESM.
To better compare the properties of FeOOH/CNFs and
Fe,03/CNFs, a 20 wt.% filling ratio and 2 mm thickness condition
were stipulated in Figs. 4(a) and 4(b). Compared with the pure
CNFs, the EMW absorption performance of FeO(OH)/CNFs and
Fe,05/CNFs series is both significantly enhanced. However,
FeOOH is easy to decompose and deteriorate, and the product

5 nm

(¢}, ¢)) Fe,05/CNFs-6, and (d}, d,) Fe,O;/CNFs-8. (e, f) TEM images, (g) HRTEM and SAED
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Figure4 RL curves of (a) FeO(OH)/CNFs and (b) Fe,0,/CNFs with 20 wt.% filling ratio and 2 mm thickness. (c, g, h) RL of Fe,0,/CNFs-4 with different thicknesses.
(d, e) RL value and EAB of typical Fe-based composite materials. (f) Simulation of the t,, of absorber versus f of Fe,O,/CNFs-4 under the 1/4 model.

performance may be severely impaired. Meanwhile, the RL,;;, and
EAB of FeOOH/CNFs are not strong enough, and it is necessary
to further enrich the absorption mechanism. Under the same test
condition, Fe,05/CNFs possess stronger RL,;, values and wider
EAB. As shown in Fig 4(c), Fe,O;/CNFs-4 shows the best
performance, the RL;, can reach —29.8 dB, and the EAB can
cover 4.6 GHz (11.2-15.8 GHz) at 2 mm; when the thickness
increases to 2.3 mm, 4 GHz (9.8-13.8 GHz) of wide EAB and the
-38.1 dB of strong RL,,;, can be achieved. With the thickness
increasing, the RL,;, gradually shifts to the low-frequency region,
which is consistent with most of the previous work [39]. Figures
4(g) and 4(h) are 3D contour maps of RL values with different
sample thicknesses and f. By adjusting the thickness, effective
absorption of the EMW in 3-16 GHz can be met. In Figs. 4(d)
and 4(e), and Table 1, following the arrow direction, the material
can achieve stronger reflection loss and wider effective absorption
bandwidth with a lower filling ratio. It is clear to see that the
properties of Fe,O,/CNFs are close to even surpass some
previously reported Fe-based composite materials, which strongly
proved that the magnetic loss ability can be compensated and the
EMW absorption performance can be effectively improved by
rational microstructure design.

Figuer 4(f) investigates the f dependence on quarter-wavelength
(A/4) of Fe,O5/CNFs-4. When the t,, of the sample satisfies Eq. (1)
below [61], the reflected wave will be significantly weakened or
disappear.

to=ne/ (49 (Ie )"} v

As the Fe,0,;/CNFs-4 matching thickness increases, the RL;,
moves towards the low-frequency region, which obeys the
matching condition of the A/4 formula and is consistent with the

results reported in many works of literature [62, 63].

To investigate the EMW absorption enhancement mechanism
of Fe,0;/CNFs composites, we tested the complex permittivity
and complex permeability, which have an important effect on
determining the EMW absorption ability [22]. Their real parts
represent the store ability of dielectric and magnetic materials for
EMW incident to their surfaces and their imaginary parts
correspond to the loss capacity [64]. In general, the high
permittivity will make the EMW seriously reflect on the surface of
the material rather than absorb. As shown in Fig. 5, except for
pure CNFs, the € of the complex permittivity of all four samples
showed a decreasing trend with frequency increase. Among them,
a-Fe,05/CNFs-4 has a moderate ¢, while a-Fe,05/CNFs-6 and a-
Fe,05/CNFs-8 have the lowest ¢ due to the high load of
nanoparticles. There are two factors in the decrease of the
dielectric constant. On the one hand, the surface defects formed
by a-Fe,O; nanoparticles gradually increased after calcination,
affecting the integrity of CNFs conductive network. In the
electromagnetic (EM) field, these defects act as the polarization
center and significantly enhance the dipole polarization effect of
materials [31]. On the other hand, since the presence of a-Fe,O;
greatly increases the resistivity (p) of the material, according to the
free electron theory [29], &' = 1/2meypf (where ¢, represents the
permeability of free space) with the more nanoparticles load, p
value gradually increases, and ¢" gradually decreases, which is
consistent with the four composites materials £ trend exhibited in
Fig. 5(b).

Except for the positive effects on conduction loss and dipole
polarization, the dielectric loss ability can also be regulated by
interface polarization [31]. The irregularly stacked nanoparticles
on the surface of the CNFs are not only conducive to the multi-
reflections of EMW but also greatly increase the number of charge
carriers between the contact surface of the materials. Besides, the

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research
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Table1 Related literature about typical Fe-based carbon composites for EMW absorption (2-3mm)

Sample Filling ratio (wt.%) RL (dB) EAB (GHz) References
Fe,0,/a-Fe,0, 80 —43.1 34 [40]
Si0,-B,0;-Al,0;5-CaO-Fe, 05 80 -32 4 [41]
rGO/a-Fe,0; 80 -10 0 [42]
y-Fe,0, 80 -3 0 [43]
Ti0,/rGO/Fe,05(hexagonal-phase) 60 —44 5.6 [44]
HMCS@f-a-Fe,0, 60 -20 2 [45]
a-Fe,0;@CoFe,0, 50 -60 5 [46]
H-Al-y-Fe,0, 50 -28 5 [13]
Fe,O;(rhombohedral)-inCNT 50 -25 4 [47]
Fe/a-Fe,O; 50 -17 3 [48]
Fe,O5(rhombohedral)-outCNT 50 -14 1 [47]
C@a-Fe,0;@MWCNTs 40 -49.9 2.5 [49]
a-Fe,05/Fe;0,/Fe/C 40 -37 6.5 [50]
y-Fe,0;/carbon nanocomposites 40 -17.5 2.5 [51]
a-Fe,0,;@Si0, 40 -4.3 0 [52]
a-Fe,0,@rGO 30 -232 5.3 (53]
y-Fe,0;-MWNTs/PBO 30 -7.5 0 [54]
a-Fe,0,/Fe;0,/PANI/MWCNT 25 -22 7 [55]
B(OH);/a-Fe,0;-CMSs 20 -41.83 35 [56]

a-Fe,0;/CNFs 20 -38.1 4 This work
B/N co-doped C@Fe,0;/Fe;C/Fe-CNTs 20 -32.7 418 [57]
C-y-Fe,0,@C-rGO 20 -30 59 [58]
y-Fe,O5/Porous rGO 17 -34.2 4.6 [59]
v-Fe,05/CNTCM@CN 10 -51.5 5.4 [60]
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Figure5 Electromagnetic parameters (a) €, (b) €', and (c) Cole-Cole plots of Fe,O,/CNFs.

complete and uniform a-Fe,O; coating on the CNF surface
cannot be ignored, and this kind of core-shell structure provides a
large number of interfaces to the material. According to reports,
the core-shell structure shows lower RL,,,, and wider EAB than
one-component absorbers [29]. When the electric field is applied,
a large amount of free charge is generated between the interfaces,
resulting in strong interfacial polarization. The interfacial
polarization can be effectively reflected by Cole-Cole curve.
According to Debye theory, one semicircle in Cole-Cole curve
can be used to describe a Debye relaxation process [30]. As shown
in Fig. 5(c), the number of semicircles included in the Cole-Cole
curve gradually increases with the nanoparticle load, which proves
that the interface polarization inside the material is enhanced
significantly. Compared with the Cole-Cole curve of pure CNFs
in Fig.S10 in the ESM, it is difficult to improve interfacial
polarization capability and enhance EMW absorption capacity by
the cross-linking network structure of carbon fiber alone.

Figure 6 shows the details of permeability for Fe,O;/CNFs.

Tsinghua University Press

There is no significant difference in the y"and y" values of the four
composite materials, indicating that the increased a-Fe,O; load
only plays the role of regulating the microstructure and adjusting
the ratio of dielectric materials/magnetic materials in the
composite materials. For Fe,O,/CNFs, with f increasing, the y'
value decreases from 1.10 to 0.87, mainly fluctuating around 1.0.
The u" of Fe,O5/CNFs is less than 0 after 7 GHz. The positive
value of p" indicates that the incident electromagnetic energy is
absorbed by the absorber and magnetic loss occurs in this
frequency range. While a negative value of y" reveals the self-
generated magnetic energy due to eddy current loss is different
from the direction of the external magnetic field and radiates
outward from the absorber [65]. The small fluctuation peaks in
the figure are mostly generated by the eddy current effect and
natural resonance, according to the known Eq. (2) [65]

Co=p'(W)f! )

If the changing trend of C; is not constant to f, the magnetic
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loss of the material is caused by natural resonance, otherwise, it is
caused by eddy current effects [66]. a-Fe,O; belongs to
paramagnetic materials, which can produce a weak eddy current
loss with the change of magnetic flux. The magnetic loss trend of
Fe,05/CNFs shown in Fig. 6(c) illustrates that the composites are
affected by natural resonance and eddy current loss in 1-7 and
7-18 GHz, respectively. Simultaneously, we measure the dielectric
loss tangent angle (tand, = ¢/¢’) and magnetic loss tangent angle
(tand,= p"/u) at 2 mm [30]. As shown in Fig. 6(d), tand, is always
larger than tand,, indicating that the dielectric loss mechanism is
the principal factor in the EMW absorption. Besides that the
Fe,O; nanoparticles on the CNFs show no significant contribution
to tand,, which is consistent with our design. Interestingly,
although the increase of a-Fe,O; failed to enhance the magnetic
loss, it still effectively favors the complementarity between
dielectric loss and magnetic loss, which is conducive to the
impedance matching adjustment.

To further investigate the key factors for determining the EMW
absorption performance, we consider the impedance matching
values calculated by the equation Z = |Z;,/Z;|. When Z is equal to
1, it means all of the EMW entering the material will be absorbed
with no reflection. As shown in Fig. 7, the impedance matching of
Fe,O3/CNFs-2 and Fe,0;/CNFs-4 with excellent performance
tends to be 1, inferring that the input impedance is close to free
space impedance. Fe,05/CNFs-2 is closer to impedance matching
so that EMW can be better absorbed by the material. However,
due to the low load of Fe,0O; nanoparticles, the interface
polarization and the multiple reflection loss between nanoparticles
are weak, so the enhancement of the EMW absorption

performance and EAB is slightly inferior. Fe,05/CNFs-4, whose
impedance matching value is slightly higher than 1, has optimized
interfacial polarization ability and rich reflection paths to achieve
better absorption performance. The impedance matching values
of Fe,0,/CNFs-6 and —8 are relatively high, which may be caused
by the excessive Fe,O; nanoparticle load. Under the same filling
ratio, the content of nanoparticles is bigger, leading to the strong
reflection of EMW rather than absorption on the composite
surface. The above results show that the EMW absorbing
materials, prepared by the in-situ transformation method, with
properly hollow rice-grained a-Fe,O; nanoparticles load and
reasonable structural design, can achieve the purpose for adjusting
impedance matching and enhancing the EMW absorption
performance.

The possible EMW absorption mechanism in Fe,O,/CNFs can
be inferred (Fig. 8). Firstly, due to the rich cross-linking network
structure of CNFs, EMW experiences multi-reflections and
scattering between CNFs. Under the action of the high-frequency
alternating electromagnetic field, the 3D conductive network can
convert electromagnetic energy into heat and dissipate it.
Secondly, the overlapping and the hollow structure Fe,O; can
make the incident EMW reflect and absorb continuously many
times, resulting in the EMW phase change, which can be canceled
by other incident electromagnetic waves. Thirdly, the composite
materials have rich heterogeneous interfaces, attaching to charge
in the electromagnetic field and generating strong interfacial
polarization. Finally, oxygen-containing functional groups and
defects arising during acid treatment and calcination can be
considered dipole centers, which spontaneously generate
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www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



5682

Figure8 Schematic illustration of preparing Fe,O;/CNFs and possible EMW absorption mechanism.

asymmetric charge distributions and consume electromagnetic
waves with rich polarization dipoles. To sum up, Fe,O5/CNFs
composites have excellent EMW absorption properties due to
their rational microstructural and rich internal synergistic
mechanism.

3 Conclusions

In summary, hollow rice-grained Fe,O; decorated on CNFs is
constructed by a facile in-situ transformation method. According
to the research design, we load the a-Fe,O; nanoparticles with
poor magnetic loss ability on pure CNFs to explore the influence
of rational microstructure design on EMW absorption
performance enhancement. The cross-linked network structure of
CNFs not only provides abundant conduction loss but also solves
the problems of agglomeration and uneven distribution of
nanoparticles. The effective attenuation of EMW is realized by
building rich cavity structures and complex reflection paths. The
composite materials with excellent impedance matching were
obtained by controlling the load of a-Fe,O; nanoparticles. The
results of the EMW absorption test show that a strong RL,;, value
of —38.1 dB at 2.3 mm and a wide EAB of 4.6 GHz at 2 mm were
obtained with a filling ratio of 20 wt.%. We believe that the
Fe,05/CNFs nanocomposites provide a new perspective for the
development of novel high-efficiency absorbing materials, and are
very likely to achieve potentially practical application values.
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