Pre prints.org

Article Not peer-reviewed version

Synthesis of Ni@SiC/CNFs Composite
and Its Microwave Induced Catalytic
Activity

Haibo Ouyang i ,Jiaqgi Liu, Cuiyan Li, Leer Bao, Tianzhan Shen, Yanlei Li
Posted Date: 4 July 2024
doi: 10.20944/preprints202407.0347v1

Keywords: Double shell catalyst; Electrospinning; Microwave irradiation; Degradation; active species;
plasma

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2854873
https://sciprofiles.com/profile/2855156

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0347.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Synthesis of Ni@SiC/CNFs composite and its
Microwave Induced Catalytic Activity

Haibo Ouyang *, Jiaqi Liu, Cuiyan Li, Leer Bao, Tianzhan Shen, and Yanlei Li

Key Laboratory for Green Manufacturing & Functional Application of Inorganic Materials,
School of Materials Science and Engineering, Shaanxi University of Science and Technology,
Xi’an 710021, China

* Correspondence: ouyanghb@sust.edu.cn

Abstract: In this paper, a novel microwave catalyst Ni@SiC/CNFs (NSC), C/Ni (NC), and C/SiC (SC)
were successfully synthesized by electrostatic spinning method, and proved to degrade methylene
blue with high efficiency under microwave irradiation. The results imply that the catalyst
Ni@SiC/CNFs with double shell structure gave a 99.99 % removal rate in 90 s for the degradation of
methylene blue under microwave irradiation, outperformed the C/Ni and C/SiC and most other
reported catalysts in similar studies. On the one hand, the possible mechanism of the methylene
blue degradation should be ascribed to that double shell structure increases the polarization source
of the material, resulting in excellent microwave absorption properties; and on the other, the in-situ
generation of active species OHe and Oz - under microwave radiation and the synergistic coupling
effect of metal plasma greatly improved the degradation efficiency of methylene blue. The findings
of this study could provide a valuable reference for the green degradation of industrial dye
wastewater and its sustainable development process.

Keywords: Double shell catalyst; Electrospinning; Microwave irradiation; Degradation; active
species; plasma

1. Introduction

With the rapid development of the economy and the increasing growth of population, the
quantity of wastewater produced and its overall pollution load is continuously increasing worldwide
[1-3]. According to the reports from the United Nations World Water Development, over 80 percent
of wastewater worldwide is released into the environment without treatment. The releasing
untreated or inadequately treated wastewater not only leads to harmful effects on human health but
also results in negative environmental impacts and adverse repercussions on economic activities
[4,5]. Water contamination caused by dye industries has caused more and more attention since the
dyes are widely employed in various industries (e.g. textile, pharmaceutical, food, cosmetics, plastics,
photographic, and paper industries) and possess a significant source of pollution [6-8].

Currently, various methods such as adsorption, coagulation, advanced oxidation, and
membrane separation are used in the removal of dyes from wastewater [9,10]. In recent years,
advanced oxidation processes (AOPs) have made remarkable progress in the field of wastewater
treatment [11]. The degradation of dyes by AOPs contributes to the in-situ generation of free radicals
with high oxidizing activity (‘OH, Oz, SOs~) [12]. These free radicals non-selectively react with most
organics, being able to degrade even highly recalcitrant compounds and leading to extensive
degradation or mineralization of contaminants [13,14].

Driven by the intense desire for lower cost, higher efficiency and facile procedure of advanced
oxidation processes, electrochemical, plasma, electron beam, ultrasound, or microwave-based AOPs
draws great attention in the area of wastewater treatment [15]. Among these evaluated AOPs,
microwave-enhanced AOPs can greatly improve the degradation rate and shorten the reaction time,
since the ability to induce a hot spot effect, plasma discharge effect, and photoelectric effect in the
microwave field. (i) The hot spots are a micro-plasma region on the catalyst surface where
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temperatures can reach over 1200 °C, promoting faster production of active species and oxidation of
organic matter [16]. Qi et al., Hu et al., Garcia-Costa et al., Lei et al., and Shen et al. utilized the
microwave hot spot effect to efficiently degrade different organic pollutants [17-21]. (ii) When
microwaves act on some protrusions or metals with special shapes and sizes, charges are
accumulated at the protrusions, the nearby field is stronger than the air field, and plasma discharge
occurs [22]. Qian et al, Zhao et al, Xu et al, and Zhang et al. used the plasma discharge effect generated
under microwave for efficient treatment of refractory organic matter as well as white pollution [22-
25]. (iii) Catalysts with semiconductor properties (e.g., transition metal oxides, semiconductors, and
ferromagnetic metals) produce holes (h*) and electrons (e”) under MW excitation, and the excited h*
and e~ may migrate to the catalyst surface and participate in redox reactions [17,26,27].

The catalytic properties of many materials can be induced by MW irradiation. When MW
irradiates these materials, the interactions between them can heat the materials rapidly to generate
active sites after absorbing and converting MW energy. Thus, it is a critical issue to develop
microwave active catalysts with strong microwave absorption ability and efficient microwave energy
transfer ability [28-30]. Nano-carbon materials have abundant void structures, which can increase
the electron transmission path, improve conductive loss, and have a high specific surface area. At the
same time, the inhomogeneous structure of the phase boundary generates abundant interfacial
polarization and multiple relaxation, which enhances microwave attenuation and has great potential
for practical applications [31]. Chen et al. prepared graphene micro-flowers with a diameter of about
2-5 um by a three-step process. The results show that the graphene micro-flowers prepared by this
method have low reflection loss and exhibit ideal microwave absorption characteristics [32].

However, due to poor impedance matching and single dielectric loss, the microwave absorption
performance of carbon materials is not very ideal [33]. To gain an ideal microwave absorption
catalyst, it is necessary to design the composition and structure of the single-phase carbon material
reasonably. The ideal magnetic loss can be obtained by combining carbon material with magnetic
material to induce magnetic properties, and the loss mechanism is enriched while the impedance
matching is improved, the microwave absorption performance of the material can be significantly
improved [34]. Magnetic materials (such as Fe, Co, Ni, and corresponding alloys) are a kind of ideal
complementary materials because of their higher permeability, saturation magnetization, and snoek
limit [35-37]. When the microwave irradiates the metal, a unique discharge phenomenon occurs,
which can realize the coupling of the thermal effect and the plasma effect. Li [33] et al. synthesized
the rod-like Ni@C composite and tested its microwave absorption properties. The results show that
the rod-like Ni@C composite has good microwave absorption and high reuse efficiency. SiC is an
ideal microwave absorber because of its high microwave absorption characteristics in the gigahertz
frequency. The superior thermal conductivity means it can still be used as a catalyst carrier at high
temperatures, thus ensuring high catalytic performance. However, due to its inherent low
conductivity and single polarization characteristics, SiC needs to be combined with different
magnetic materials or carbon-based materials to enhance electrical conductivity and enrich its
polarization types to improve microwave absorption performance [38]. Samarjit Singh et al. prepared
a Ni/SiC/ graphene composite material with a minimum reflection loss of -59.15dB, showing good
microwave absorption performance [39].

Based on the above ideas, we propose a novel Ni@SiC/CNFs catalyst for MW-AOP. Except for
the outstanding microwave absorption performance, carbon fibers, as supporting materials, possess
high electron mobility and can boost charge separation/electron transfer and improve catalytic
oxidation. When SiC and Ni nanoparticles can produce hole electron pair and strong plasma
discharge under microwave irradiation. Holes electronic react with O2 and H20 in the air will
produce a strong oxidizing active group. Hot spots and plasmas arising from this discharge
phenomenon can reduce the chemical reaction times of contaminants present on the material and
increase their degradation rates.

In this work, the Ni@SiC/CNFs composites as MV-AOP catalysts were synthesized by the
electrostatic spinning method. The morphology, microstructure, and phase composition of the
Ni@SiC/CNFs were characterized through complementary analytical ways. The microwave catalytic


https://doi.org/10.20944/preprints202407.0347.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0347.v1

3

performance of Ni@SiC/CNFs was evaluated with MB as the target containment. The catalytic
mechanism was proposed to explain the synergistic effect of Ni@SiC/CNFs catalyst under microwave
irradiation.

2. Materials and Methods

2.1. Synthesis of Ni@SiC/CNFs

Ni@SiC/CNFs composites are prepared by electrostatic spinning combined with high-
temperature carbonization. First of all, the precursor solution containing 10 mL of N, N-
Dimethylformamide (DMF), 1.0 g of polyvinylpyrrolidone (PAN), 0.16g of polycarbosilane (PCS), 1.7
mol of (Ni(CH3COO)2), and 2 mol of thiourea was electrospun into a polymer fiber membrane. To
maintain fiber morphology, the as-spun polymer nanofibers were subsequently presintered at 280 °C
for 2 hours in the air followed by further carbonization at 1400 °C for 1 hour under Ar atmosphere.
Finally, Ni@SiC/CNFs (NSC) composites were obtained. By changing the content of PCS(0g) in the
precursor solution, C/Ni (NC) composite material was prepared. Changing the content of
(Ni(CHsCOO)2) (Omol)and thiourea(0mol) in the precursor solution, C/SiC (SC) composite material
was prepared. Figure 1 is the schematic diagram of the preparation of different composite materials.

C‘H |4Ni0“ J i
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Figure 1. The flow diagram of preparing Ni@SiC/CNFs. C/Ni and C/SiC composites.

2.2. Characterization

The crystal structure of the sample was investigated using a powder X-ray diffractometer (XRD,
Rigaku D/max-2200PC) with Cu Ka (A= 0.15418 nm) radiation.

The morphology of the samples was observed using a field-emission scanning electron
microscope (Hitachi, FE-SEM, 5-4800).

XPS can be used for qualitative and quantitative analysis of the elements contained in the
sample, and can also characterize the surface composition and chemical state of the sample.

High-resolution transmission electron microscopy (HRTEM) combined with energy dispersive
spectroscopy (EDS) observation was performed on a FEI Tecnai G2 F20S-TWIN system at 200 kV.
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The UV-vis absorption spectra of the degraded were recorded on a UV/vis/NI R
Spectrophotometer (LAMBDA950, PerkinElmer).

The dielectric property and magnetic permeability of the catalysts were analyzed by a vector
network analyzer (Agilent 85071 E, USA).

2.3. Degradation experiment using microwave

To examine the catalytic activity of catalytic, degradation experiments were carried out using a
controllable MW oven (WD750B, Galanz Company, China) equipped with a self-made glass reactor
and a condensing tube. The specific operation is as follows: 20 mL of the MB solution and 20 mg of
catalyst were added in a 50 mL

Teflon reaction vessel followed by microwave irradiation (450 W, 2450 MHz). Upon the desired
reaction time, the mixture was cooled to room temperature. The reaction mixture was then analyzed
to evaluate the degradation efficiency by an ultraviolet spectro-photometer (UV-vis, UV-2450,
SHIMADZU, Japan). The removal rate of MB is calculated using the following formula:

S0 Sy 100%
Co

Co and C: are the initial concentration and concentration after treatment time t of MB solution,

respectively. Figure S1 is a schematic diagram of a microwave-assisted catalytic reactor.

Removal rate (%) =

3. Results

3.1. Microstructure and morphology

As depicted in Figure 2a, the NSC catalyst shows three clear and sharp diffraction peaks at
20=26°, 35.6°, and 45.5°, corresponding to (002) crystal plane of C, (111) crystal plane of SiC and (121)
crystal plane of Ni, respectively. NC and SC catalysts only have the carbon diffraction peak and the
corresponding Ni diffraction peak and SiC diffraction peak. Compared with the NSC catalyst, the
diffraction peak intensity of SC catalyst SiC is much lower, which may be related to the addition of
Ni particles. In addition, the SC catalyst corresponds to the mantou peak of carbon at 20=26°, while
NC and NSC both show a sharp diffraction peak of C, indicating that Ni particles play a major role
in the catalytic graphitization of composites at high temperatures. To prove the above conjecture, the
graphitization of carbon was further confirmed using Raman spectroscopy (Figure 2b). Clearly, two
typical carbon peaks at 1345 cm™ and 1592 cm! were observed, corresponding to the D band and G
band of carbon [40]. It can be found that the R value (ID/IG) of SC was the highest at 0.924, while that
of NSC was the lowest at 0.754(Figure 2c), showing an obvious downward trend. It is well known
that the D-band reflects the structural defects and disorder of carbon, while the G-band is related to
graphitic carbon [41]. Therefore, a higher R value indicates more lattice defects of the C atom and a
higher graphitization degree on the contrary. Herein the SC has the lowest graphitization, and the
NSC has the highest graphitization, which corresponds to the XRD results. Materials with high
graphitization have a higher dielectric loss, so their microwave absorption is increased [42].

(a) R vcC (b) , (c) 10 0.924

0.8 0.754

0.6
1/l
0.4

Intensity (a.u.)
Intensity(a.u.)

0.754 0.2

SC
M*b'

n..w_A,J\ e PR A

T T T T T T v T 0.0 T T T
20 30 40 50 60 70 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 SC NC NSC

20 (degree) Raman shift(em™)

Figure 2. (a) XRD patterns; (b) Raman spectra; and (c) ID/IG graph of all the samples.
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The chemical compositions and surface states of the NSC were analyzed by XPS. The XPS full-
survey scan spectrum of NSC shown in Figure 3a confirms C, O, Si, and Ni elements. The low strength
of the Ni element may be because most of the Ni particles on the surface are coated with C. Figure 3b
reveals the high-resolution C 1s spectra, which are deconvoluted into three stripping peaks, where
283.5, 284.6, 285.8 eV can be indexed to the C-Si, C-C, C-O peaks, respectively [43,44]. The Si 2p peak
can be fitted into three peaks with typical binding energy of 101.4 and 103.4 eV, which are aligned
with the Si-C bond and Si-O bond [45,46], respectively. Furthermore, the peak with a binding energy
of 864 eV is attributed to Ni 2P, the peaks at 853.1 eV and 873.2 eV are assigned to Ni 2p3/2 and Ni
2p1/2 [47], respectively. Furthermore, the survey spectra of NC and SC are shown in Figure S2. The
XPS results corresponded to the XRD analysis, which proved that the three catalyst materials were
successfully synthesized.

(@) (b) © O

Intensity(a.u.)
Intensity(a.u)

0 200 400 600 800 1000 1200 290 288 286 284 %2 280 106 105 104 103 102 101 100 99 880 875 870 865 860 855 850 845
Binding Energy(ev) Binding Energy(ev) Binding Energy(ev) Binding Energy(ev)

Figure 3. (a) XPS full spectrum; (b) XPS high-resolution spectrum of C1s; (c) Si 2p and (d) Ni 2p for
the NSC composite materials.

The morphology of the sample was investigated using SEM. The microscopic morphology of the
NSC catalyst is revealed by the scanning electron microscopy (SEM) image shown in Figure 4(a-d).
SEM of NC and SC samples are shown in Figures 53 and S4 in Supplementary Materials. These
nanofibers are highly interconnected with random orientations to form 3D continuous networked
structures with excellent mechanical stability [48]. It can be seen from Figure 4a that plenty of
nanowires with high flexibility are rooted from the surface of the carbon nanofibers, generating the
1D hierarchical architectures. Such a microscopic level network not only enhanced mechanical
connection between fibers but also promoted electron transport and multiple reflections of
microwaves in the network, which could benefit the dielectric properties of the hybrid fibers [31].

$4800 5.0kV 11.1mm x25.0k SE(M) ¥

Figure 4. (a-d) SEM images of NSC catalyst at different magnifications.
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TEM and HRTEM analyses were performed to characterize the microstructure in more detail
(Figure 5a-h). It is not difficult to see that Ni particles are covered and carbon nanotubes with a
diameter of 15 nm grow from the surface of the cover layer, which is caused by Ni nanoparticles
catalyzing the graphitization of amorphous carbon at high temperatures [49-51]. Surprisingly, a thin
layer of SiC was precipitated on the surface of Ni particles, followed by a graphite carbon layer in the
high-resolution HRTEM image in Figure 5d. This is mainly due to C and Si into the molten nickel
particles at high temperatures. Due to the different precipitation temperatures of C and SiC, C is
preferentially precipitated at low temperatures while SiC is precipitated after nucleation at a high
temperature of 1300 °C, so the SiC. C double layer structure is formed. However, due to the lack of
silicon sources, SiC can only exist as thin layers [52,53]. Furthermore, such encapsulated structure can
not only effectively protect the metal particles against corrosion in a harsh environment, but also
increase the interface layer between materials, so that materials can produce more interface
polarization under the action of microwave, and improve the absorption capacity of materials to
microwave [54,55]. HRTEM images show that the periodic lattice fringes with good resolution are
about 0.18 nm, 0.25 nm, and 0.35 nm, corresponding to the crystal planes of Ni (002), SiC (111), and
C (002), respectively. In Figure 5c we can see that the surface C layer is bent into a discontinuous
sheet, defects will naturally occur at these positions, and a large number of dipoles are easily gathered
at the defects, which is conducive to the dipole polarization effect of the absorber, which may lead to
electromagnetic waves loss. The high-angle annular dark-field scanning TEM (HAADF-STEM) image
and elemental mappings disclose the uniform distribution of C, Ni, and Si throughout the fibrous
nanohybrids. It can be seen from Figures S3 and S4 that no nano-structure is generated on the surface
of NC and SC catalysts. Ni nanoparticles of NC catalyst are uniformly anchored on the surface of
carbon nanofibers, while the SC surface is rough and no nano-structure can be seen from SEM.
However, many fine SiC grains were found on the surface and the fibers showed a core-shell
structure. There are many interfaces between different catalyst structures. Under the action of a
microwave, the electrons move and gather at the interface, which makes it easy to generate interface
polarization and improve microwave absorption capacity [43].

Figure 5. (a-b) TEM images of NSC catalyst; (c-d) HRTEM image.
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3.2. Microwave-induced catalytic degradation of MB

Figure 6 shows the degradation curves of different catalytic materials for MW catalytic oxidation
of methylene blue at a given power in a MW (450 W, 2450 MHz). Before microwave-assisted
degradation of methylene blue, we first soaked these samples with methylene blue solution in the
dark for 30 minutes to achieve adsorption equilibrium. Samples are taken every 30 seconds until
either of the two visually visible samples fades and the test is stopped. 664 nm is the absorption peak
of the MB chromophore and the parent ring structure, so its degradation rate can be determined by
the maximum absorption wavelength of 664 nm. By comparing the absorption peaks of the three
catalysts at 664 nm, the UV-vis spectra of NSC, SC, and NC catalysts are shown in Figure S5. It can
be found that with the increase of time, the absorption peaks of the NSC catalyst at 664 nm decreased
significantly, while the absorption peaks of NC and SC to MB decreased slowly. Figure 6(a) shows
the time-degradation rates of different catalysts. It can be seen from the figure that the NSC catalyst
almost completely degrades after 90s, with a degradation rate close to 100%, while the degradation
rates of SC and NC are about 45% and 19%, respectively. The results showed that the microwave-
assisted degradation of methylene blue by NSC catalyst was the best. The degradation kinetics results
of MB in the 90s are shown in Figure 6(b), which indicates that the degradation kinetics of MB in the
90s by the three catalysts under microwave conditions basically belong to first-order reaction kinetics.
The microwave-induced degradation rate constants of MB of different catalysts are shown in Figure
6(c). The reaction rates k of NSC, SC, and NC are 0.1951, 0.0100, and 0.0051, respectively. In other
words, the degradation rate of MB by NSC is about 19.51 times that of SC and 38.25 times that of NC.
By comparing SC and NC samples, the degradation efficiency of the SC system is higher than that of
NC. It is also confirmed that the presence of SiC in the ternary NSC catalyst contributes more to
degradation than Ni. The above experimental results show that NSC has better MW catalytic activity
and higher MB degradation catalytic activity compared with the other two catalysts.
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Figure 6. (a) Degradation curves of MB by different catalysts under microwave irradiation; (b) the
corresponding degradation rate curve; (c) corresponding degradation slope and R? of composites
under microwave catalysis.

3.3. Electromagnetic wave absorption characteristics and catalytic degradation mechanism of NSC composite
materials

To explore the reason why the NSC catalyst has a good degradation efficiency of MB under the
action of microwave, we tested the electromagnetic wave absorption performance of the catalyst.
Figure 7(a-f) plotted the electromagnetic parameters of the NSC catalyst to study its electromagnetic
wave absorption performance. It is generally true that the 10 dB is equivalent to 90% of the total
absorbed energy of the EM wave, and the —20 dB is equivalent to 99% of the total energy absorbed by
the EM wave [56]. Reflection loss (RL) data about NSC for a frequency range of 2-18 GHz is illustrated
by the curves in Figure 7(a). The prepared NSC catalyst exhibits excellent microwave absorption
performance, with a maximum reflection loss (RLmax) of 51.40 dB at 12.5GHz. the corresponding
matching thickness is 1.418 mm, and the effective RL bandwidth (RL >-10 dB) is 11.4-14.1 GHz.

As shown in Figure 7(b), the permittivity (¢'. €") of the catalyst decreases gradually with the
increase of frequency, which may be related to the polarization and interface relaxation at the
interface between Ni, SiC, and C layer. According to the value of tande (tand.=¢"/¢"), the dielectric loss
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capacity is further estimated. Interestingly, tand. values of NSC catalysts peak at 9GHz and 12.7 GHz,
as shown in Figure 7d. The reason is that the dielectric loss ability is affected simultaneously by the
polarization effect and the conductive loss [57].

In addition to dielectric loss, magnetic loss also plays an important role. As shown in Figure 7d,
the tandu value of the catalyst shows a similar trend to the imaginary part (i) of the permeability,
indicating that the magnetic energy dissipation capacity is the key factor of the magnetic loss [58-60].
It is worth noting that in Figure 7(d), the peak of the magnetic loss (tandy) around 13.8GHz comes
from both natural and exchange resonance. It is clearly observed from Figure 7d that the value of
tand. is significantly larger than tandu. This indicates that dielectric loss is the main contributor to
excellent microwave absorption performance.

To further investigate the mechanism of dielectric and magnetic loss, Figure 7(e-f) illustrates the
Cole-Cole plots and co curves of the samples. Figure 7(e) shows the Cole-Cole semicircles of the
sample, with each semicircle corresponding to debye relaxation [61]. Obviously, there are multiple
decomposable semicircles in the €' and ¢" curves, indicating that the debye relaxation process caused
by interfacial polarization and dipole polarization occurs in the samples. In addition, there are almost
no straight lines at the ends of the Cole-Cole diagram, indicating that there is almost no conduction
loss during the whole process.

The magnetic loss mechanism mainly consists of three parts: exchange resonance, natural
resonance, and eddy current loss. In general, the eddy current losses of absorbing materials can be
described by the value of co(co=pt" (') 2f1). When the value of co is constant with increasing frequency,
eddy current loss is dominant in magnetic loss. If co changes with f, eddy current losses are
suppressed, and natural resonance and exchange resonance are the main sources of magnetic losses
[62]. As shown in Figure 7f, the co curve of the sample fluctuates significantly at the frequency of 2-
18 GHz, indicating that exchange resonance and natural resonance play a crucial role in the magnetic
loss of the catalyst.
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Figure 7. (a) RL curves at a thickness of 1.418 mm; (b) Real/ imaginary permittivity of NSC; (c) Real/
imaginary permeability of NSC; (d) Frequency dependence of dielectric loss and magnetic loss of
sample; (e) Typical Cole-Cole semicircles (¢" versus ¢') for NSC; (f) co values of NSC.

Based on the above analysis, the mechanism of degradation of methylene blue by NSC catalyst
under microwave irradiation was further studied and summarized the efficient degradation rate of
MB by binuclear NSC catalyst composed of C, Ni, and SiC is mainly attributed to the following points.
(1) The prepared catalyst has excellent microwave absorption characteristics, which ensures that MB
can fully absorb microwave energy and convert it into heat energy in the process of microwave
degradation. (2) SiC as a polar molecule, under microwave irradiation, will produce dipole
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polarization. In addition, there are a small number of defects in the catalyst, where the electron
aggregation occurs dipole polarization. (3) There are abundant phase boundaries in the composites,
which can cause more interfacial polarization and multiple relaxation. The polarization mechanism
occurring in processes (2) and (3) will cause the material to generate a lot of heat, making electrons
in an active and unstable state, and the transition will generate hole electron pairs. At the same time,
one-dimensional carbon nanotubes can provide more conductive paths to facilitate the transport of
excited hopping electrons. These hole pairs react with Oz and H>O in water to form various active
substances such as *OH, Ox~ and H * active groups. (4) Due to the characteristics of microwave
selective heating, the absorption capacity of each material in the composite is different, which leads
to the temperature gradient of the catalyst, resulting in many "hot spots". The "hot spot" reacts with
water to form active groups such as *H and ¢OH. (5) A unique discharge phenomenon will be
produced when the metal is irradiated by microwave. The discharge process will be accompanied by
the release of plasma, which not only can shape local high temperatures to strengthen microwave
heating, but also can generate plasma which can significantly promote chemical reaction, which can
generate *OH, Oz~ and H * active groups. Under the action of microwave, it is the synergistic effect
between various elements that makes the degradation of MB (methylene blue) easier to occur.

Interfacial polarization Hot spots Plasma

Microwave

H,0 + hot spot — -H+ -OH 1
H,0+h" —-OH +H"|

| |

OH+i" —OH
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Figure 8. Degradation mechanism of Ni@SiC/CNFs composites under microwave irradiation.

4. Conclusions

In this study, catalysts with different structures were successfully prepared by adjusting the raw
materials in precursor solution by electrostatic spinning method and used for the degradation of high
concentration MB solution under microwave irradiation. The characterization results of different
catalysts suggest that the microstructure of materials plays an important role in the degradation rate
of MB. Under the action of microwave, the NSC catalyst showed excellent catalytic activity, and MB
degradation in 1.5 minutes. Compared with NC and SC, the reaction rates were 38.25 and 19.51 times
higher, which was mainly attributed to the synergistic effect of the thermal effect, non-thermal effect,
and plasma effect of the NSC catalyst under the action of microwave. Under these effects, a large
number of active radicals *OH, H, and Oz were produced, and these active radicals could rapidly
oxidize methylene blue dye. So that it is rapidly degraded into non-toxic and harmless small
molecules. It is expected that Ni@SiC/CNFs with high microwave-assisted catalytic activity will
greatly promote its practical application in the removal of organic pollutants.
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