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Abstract
The pore structure of biochar is used to adsorb Fe and Co into the inside of the biochar
to prepare FeCo/biochar composites, and the crystal structure, microscopic morphology,
and magnetic properties are measured by XRD, SEM, and hysteresis loop testing.
Characterization, discussed the influence of FeCo alloy content on its microwave
absorption performance and electrochemical performance. The results show that the
prepared product is a ternary composite material composed of bio-carbon and nanoFeCo alloy particles. The FeCo alloy is dispersed on the surface and between layers of the
bio-carbon, with a particle size of 30-150 nm. Nano-iron-cobalt alloy/bio-carbon
composite material is a typical soft magnetic material, and the saturation magnetization
decreases with the decrease of FeCo alloy content. With the decrease of FeCo alloy
content, the dielectric loss of nano-FeCo/graphite composite material gradually
increases, and the magnetic loss gradually decreases. When the FeCo alloy content is
appropriate, the synergistic effect of dielectric loss and magnetic loss makes the
composite material have better microwave absorption performance.
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1. Introduction
As fossil energy is gradually consumed by humans and the pollution threatening human society is
gradually increasing and becoming more complex, the search for green new energy has become a hot
spot at the moment. Hydrogen produced by electrochemical water splitting is regarded as a clean
energy source that can replace traditional fossil fuels. At present, the catalysts with high-efficiency
electrocatalytic hydrogen evolution activity are mainly a few precious metals such as Pt and Ru[1].
However, precious metals have extremely low reserves in the earth's crust and are expensive, which
greatly limits their application in the field of electrocatalytic hydrogen evolution. In recent years,
various non-precious metal and non-metal electrocatalysts, such as transition metal carbides,
phosphides, sulfides, nitrides, selenides, and graphene, have been widely studied as substitutes for
precious metals. Among them, transition metal compounds have a wide range of applications in the
fields of hydrodesulfurization, deoxygenation, and dechlorination due to their Pt-like catalytic
activity[2]. Therefore, transition metal phosphides are expected to become an important
electrocatalytic hydrogen evolution catalyst to replace noble metals[3]. At the same time, in the
modern information society, electromagnetic waves widely exist in various fields of people's lives
and national defense security[4]. Therefore, the development of high-performance electromagnetic
wave absorbing materials has attracted much attention in electromagnetic radiation protection and
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military stealth technology. In the traditional wave absorbers, magnetic metals are widely used due
to the advantages of high permeability, low cost, and environmental protection. However, during use,
there are problems such as large density, easy aging, and narrow frequency bands, which cannot meet
the current anti-absorption properties. Wave material is "thin, wide, light and strong" requirements.
The addition of cobalt ferrite can adjust the material structure and electromagnetic parameters, and it
can be assembled with other types of strong loss absorbers to form a composite material[5-8]. It
highlights the exceptionally excellent synergistic absorbing performance and has become a hot spot
in the field of absorbing materials in recent years. . In this study, the introduction of cobalt-iron
microspheres has improved the catalytic performance of the hydrogen evolution reaction, and by
continuously improving the ratio of iron-cobalt to improve the catalytic performance and microwave
absorption performance of nano-microspheres, it is expected to help solve the current fossil energy
encountered by human society. Crisis and electromagnetic pollution.

2. Materials and Methods
2.1 Materials
Macadamia nutshells were provided by South Subtropical Crop Research Institute, China Academy
of Tropical Agricultural Sciences. Natural rubber latex (NRL) with a solid content of 60% was
sourced from Shuguang State Rubber Farm (Zhanjiang Xiashan Xinjia Rubber & Plastic Products
Co., Ltd.). High purity argon (>99.999%) was supplied by Zhanjiang Oxygen plant..Fe(NO3)3·9H2O,
Co(NO3)2·6H2O and ammonia solution were supplied by Shanghai Aladdin Technology Co., Ltd.
2.2 Preparation of CoFe2O4@BC
CoFe2O4@BC were prepared by thermal hydrothermal and carbonization. Briefly, biomass carbon
(BC) were prepared by pyrolying macadamia nutshells in tubular furnace at 400 ℃ for 2 h with a
ramp rate of 5 ℃/min in argon atmosphere.Then, 1.8 g of BC were added into 50 mL aqueous solution
containing 4 g of Fe(NO3)3·9H2O and 1.5 g of Co(NO3)2·6H2O,,accompanying with ultrasonication
for 10 min. Subsequently, ammonia solution was slowly dripped into the above mixture until pH
reached 9. Thereafter, the mixture was transferred into an autoclave with a 100 mL Teflon liner, and
the hydrothermal reaction was carried out at 200 ℃ for 8 h. After cooling to room temperature, black
CoFe2O4@BC powder was obtained by following washing with ethanol and deionized water, and
vacuum drying at 60 ℃ for 12 h.
2.3 Characterization
The thermal stabilities of tested composites were investigated using a simultaneous thermal analyzer
(STA449/4, NETZSCH Instruments, Germany) under N2 atmosphere. The EM parameters of the NR
composite were performed on a vector network analyzer (Agilent, N5244A, USA) in the frequency
range of 2-18 GHz. The electrochemical performance test is a three-electrode system carried out in
the chi660E electrochemical workstation (Shanghai CH Instrument Company, China). The reference
electrode and counter electrode are saturated calomel electrode and carbon rod. In saturated 1.0M
H2SO4 acidic electrolyte Polarization curve collected at a sweep speed of 5mv/s.

3. Results and Discussion
Figure 1 shows the XRD spectrum of FeCo/Carbon. There are obvious diffraction peaks in the XRD
spectrum of the annealed FeCo/Carbon. The peaks at 44.8°, 65.2° and 82.6° correspond to the (110),
(200) and (211) crystal planes of FeCo, respectively. It is consistent with the peak position of the
standard card (JCPDS card NO44-1433). This indicates that there is crystalline FeCo in the material.
The samples of Raman spectroscopy all showed obvious D peak (1340cm-1) and G peak (1580cm-1)
related to carbon. Among them, the ID/IG value is as high as 1.12, indicating its excellent degree of
graphitization, which is beneficial to improve the conductivity and charge transfer ability of the
sample[9].
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Figure 1. Crystal phase structure of composite materials
The structure and morphology of cobalt ferrite nanoparticles were characterized by TEM. Figure 2
shows the SEM pictures of CoFe2O4 and CoFe2O4/BC respectively. It can be seen from Figure 2(a)
that the CoFe2O4 particles prepared by the hydrothermal method are large in size, complete in grain
shape, uniform in size, and have a nano-microsphere structure, indicating that CoFe2O4 particles with
good crystallinity have been synthesized under this condition[10]; From Figure 2(b), it can be seen
that CoFe2O4 occupies the pores of the BC, covering the original morphology of the BC.The
composite is loose as a whole, and this structure is beneficial to the release of active sites and the
electromagnetic wave to reach its surface for multiple reflection transmission, which has a good loss
effect on electromagnetic absorption.

Figure 2. Transmission electron microscopy analysis of composite materials
Two samples prepared under different ratios of iron and cobalt elements were tested for the
performance of electrocatalytic hydrogen evolution in acidic media, and the results are shown in
Figure 3. Figure 3 shows the curve of the sample in the solution as the ratio increases to a higher level,
the electrocatalytic hydrogen evolution performance also increases and further improves. The
hydrogen evolution ability has decreased when the catalytic current density is generated and the
required overpotential are respectively and indicate the best electrocatalytic hydrogen evolution
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performance[11]. In addition, compared with other reported hydrogen evolution catalysts. Our
electrocatalytic hydrogen evolution overpotential also has certain advantages[12]. The scientific
research of iron-cobalt alloys has exposed more catalytically active sites to facilitate the charge
transfer process.

Figure 3. Electrochemical performance of composite materials
Figure 4 shows the TGA curve of the prepared sample. As shown in Figure 4, these four materials all
lose 50% in the range of 0-300℃. At this time, the main weight loss components are small molecules
such as water; the weight loss in the range of 300-600℃ is mainly due to the cellulose, Decomposition
of hemicellulose and lignin; when the temperature is greater than 600°C, the mass residual rate is
almost constant, about 23%.

Figure 4. Analysis of thermodynamic loss of composite materials
The complex permittivity and complex permeability of a material are important parameters to
characterize the wave-absorbing properties of the material [13]. Generally, the real part of the
material's permittivity represents the storage capacity for electricity, and the imaginary part of the
permittivity represents the loss capacity for electricity; The real part of permeability represents the
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storage capacity for magnetism, and the imaginary part of the permeability represents the loss
capacity for magnetism. Figure 5 is the relationship curve between the electromagnetic characteristics
and frequency of the composite body. The figure corresponds to the real and imaginary parts of the
complex permittivity.

Figure 5. Analysis of electromagnetic properties of composite materials
The real and imaginary parts of the complex permeability can be seen from the curve. The values of
the real and imaginary parts of the complex permittivity are within the test range and increase with
the increase of the content, indicating that the conductivity and loss capacity of the sample increase
in turn[9]; in addition, it can be seen from the figure that under the same filling concentration As the
frequency increases, there is an obvious relaxation peak between the real part and the complex of the
complex permittivity, and there is also an obvious relaxation peak between the imaginary part. This
is because there is an interface between the two phases inside the composite[10]. Due to the different
electron distribution and uneven material composition, the charge distribution at the two interfaces is
uneven and the internal conductivity is different, so there is an internal the phenomenon of multiple
interface polarization and multiple dielectric relaxation. It can be seen that the relaxation peaks
appearing in the curves of the real and imaginary parts of the complex permittivity of the composite
are derived from the interface polarization and dielectric relaxation. It can be seen from the figure 5
The complex permeability of all samples remained almost unchanged in the real part of the range.
This may be due to the presence of non-magnetic polymers that dilute between the magnetic particles
and reduce the magnetic force between the magnetic particles. This is related to the magnetic
properties of the composite [14]. The strength changes are the same. In addition, the curve in the
composite range fluctuates because the introduction of conductive polymer interferes with the
magnetic loss of the material.

4. Conclusion
In this paper, FeCo nanoparticles were successfully prepared by hydrothermal synthesis method and
direct carbonization method, and the prepared particles were uniformly loaded in the pores of
biological carbon. In addition, the effects of different proportions of composite materials on the
morphology and electrocatalytic hydrogen evolution performance were studied. The research
conclusions are as follows, the morphology of the catalyst and the ratio of metal salt are very
important. After comprehensive comparison, FeCo alloy has the prospect of being microwave
absorption, but it is less effective as an electrochemical hydrogen evolution.
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