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Abstract. The need for wireless sensing technology has rapidly increased
recently, specifically the usage of electromagnetic waves which becoming
more required as a source of information. Silicon carbide (SiC) Nano
particles has been used in this study, the material under test (MUT) was
exposed directly to a microwave field to examine the electromagnetic
behavior. The permittivity and permeability were investigated with different
filler materials to approach best and optimal electromagnetic absorbing
characteristics to assist engineers to monitor structure-based composite for
defects evaluation that may occur during operation conditions or through
manufacturing process. XRD, FESEM and both complex permittivity and
permeability were measured for the pure materials that candidate for this
study. The results showed that all the selected nanostructure material exhibit
a good purity with proper electromagnetic properties in the X- band, this can
lead to absorbing and transmission properties that can be used in monitoring
structures or manufactured part during fabrication process.

1 Introduction
Electromagnetic (EM) waves have involved in many sectors of daily life and industry,
due to its unique properties that can provide a variety of information for a particular object.
Recently, in the materials field EM took a considerable place of providing information to the
manufacturer about the status of the product that met the requirement of quality or it may
needs more enhancement to reach the optimal performance [1]. This wave (EM) is also
considered as one of the most important sources of information in the field of nondestructive
testing, for its reliability and confident of result or measurement for the materials or product
parts during the procedure of manufacturing. This concept can be utilized in online
monitoring for each product even if the production line or factory produce thousands of parts
per day, especially for composite structure.
So, measurement the transmission ability is the key of checking products deeply (inside
the structure) of the composite to evaluate any defects such as density variation or internal
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cracks for the ceramic products made from silicon carbide (SiC) for example mechanical
seal, sliding bearing and etc….
The application of SiC is widely used in military, commercial and aerospace industry due
to its unique dielectric and electric properties, high stability at elevated temperature and good
mechanical properties such as high strength, corrosion resistance low density and oxidation
resistance [2-4]. Due to its semiconductor properties, it can be used in microelectronic
devices and also, in nuclear industry as one of the most important structural ceramic [2, 5].
Structural or product part made from ceramic especially pure silicon carbide or
composites of SiC supposed to have the ability to absorb the electromagnetic waves in low
or high frequency, so, characterization of these materials in terms of purity and absorbability
can be made directly in different ways in standard measurement technique, either reflection
in free space from the tested product or structure of the EM wave or via measurement the
transmitted waves from the final products [1]. The study of permittivity and permeability is
quite important to understand the behavior of SiC composite when expose to high frequency,
In addition, the absorbing material should allow the waves to penetrate as much as it can in
case the object is thin or light, multi frequency and strong attenuation [6, 7]. Particle size
and dispersion concentration can influence the EM characteristics of materials to vary from
low to high and good absorbing properties [8], as well as the dielectric loss and magnetic loss
[9].
Many researches have been conducted to study the absorption properties of SiC in micro
and nano size, but these studies did not saturate all the angels for SiC nano composites,
because the studies in nano scale provide very large surface to volume ratio, this associated
with high energy of composite when expose to high frequency demand [10]. This leads to a
new behavior of composite when change the frequency band, these frequencies affect both
permittivity (ε) and permeability (µ) of the constituents of any composite, where ε and µ
represent the interaction of particles of material with electric and magnetic field respectively
[11]. Nickel, zinc, graphene iron particles and zinc oxide used by [12-16] with variation of
weight or volume ratio, these materials used separately either with SiC or with other ceramic
powder but in most cases low number of researches done to investigate more than two
constituent on the absorbing properties of SiC in high frequency. X. Yuan et al [17] used Xband to investigate the (ε and µ) of monolithic ceramic composite of SiC/SiO2 , they studied
the effect of microstructures on the EM absorbing performance, the results come out with
contribution of microwave absorption prosperity when combine crystalline structure with
amorphous material. On the other hand, [18] used SiC NWs as reinforcement fiber to enhance
the mechanical properties of epoxy composite by investigated the hardness of the designed
composite. Chiu et al [9] investigated absorbing properties of SiC in gigahertz range with
different weight ratio, they proved that SiC exhibit good EM absorbability due to high surface
area of the NWs. Wang et al [19] and Zhou et al [20] have studied the permittivity and
permeability of two types of SiCf in X-Band beside the mechanical properties and
morphology of the surface, the results show deviation between these two types of SiC due to
the effect of fiber on the absorption properties of the SiCf/epoxy composite. Mixing particles
with SiC that have good electric or magnetic properties has attracted the researchers in order
to enhance the microwave absorbing of ceramic composite, Ni decorated SiC was
investigated by Yuan et al [21] in different temperature ranges to report the effect of heat on
the dielectric properties. The high temperature can adequately increase the absorption ability
of the composite and the Ni as well. Moreover, nickel, cobalt and phosphorous with SiC
composite also studied to understand the effect of cobalt on the dielectric and diamagnetic of
SiC composite by Yi Li et al [22]. This paper focuses on the characterization of two nano
types of SiC (nano whisker and nano particles) with three nano fillers to enhance the
absorbing ability of silicon carbide with different mixing ratios, these nano fillers (ZnO,
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Fe2O3 and nickel) can be mix with any product of SiC with low mixing ratio, which leads to
fast and confident monitoring of ceramic product over a broad frequency band.

2 Experimental procedure
The selecting starting materials used were β-SiC whisker and nanoparticles respectively
(>99% purity, 10-200 µm length), Fe2O3 nanoparticles (>99.9% purity), ZnO (>99% purity)
and amorphous Ni (99>% purity) all powders were obtained from Hong Wu International
Group Ltd. The average particle sizes for the nano powder are 100-300 nm, 100-200 nm, and
20-30 nm respectively. The mean grain size and morphology of the powders were verified
by Field-Emission Scanning Electron Microscope (FE-SEM, Model Supra 55VP, Carl Zeiss
AG). Crystalline characterization of SiC for both types and for the fillers were carried out by
X-ray Powder Diffraction (XRD, Model X’Pert3 Powder, PANalytical, Cu, K-α,
λ=1.540598). XRD data was obtained over 2Ѳ range from 10° to 80° with the step size of
0.02°. Permittivity and permeability were measured using network analyzer type (ENA,
Keysight E5071C) in the range of (8-12) GH using transmission line theory at room
temperature. The epoxy used in this experiment was transparent to electromagnetic waves,
dry mixing method was used to mix epoxy and SiC in desired weight ratio of 70 wt% of
powder. The mixture is then pressed into rectangular shape with dimension of (22.3 x 10 x
3) mm under 25 Mpa for 3 minutes and cured in drying oven at 100°C for 1 hour.

3 Result and discussion
3.1 Morphology and microstructure
Characterization of beta Silicon Carbide Whisker (β-SiC), Fe2O3 , Ni and ZnO were
carried out to verify the formation, morphology and purity of the powder. Fig. 1 (a) – (d)
shows the FE-SEM image of the mentioned nano powder. It clearly shown in Fig.1(a) the
whisker shape and length of each particle of β-SiC whisker with very less impurities. Fe2O3
nanoparticles which milled in ball milling for four hours were shown in Fig. 1(b), the shape
of particles seems like nano rods with size of about 100-300 nm due to the milling process,
these particles indicate high surface area which is beneficial for EM absorbing properties.
On the other hand, Ni nano powder Fig. 1(c) shows unclear morphology of the particle
surface, which is related to amorphous structures due to non-periodic or random distribution
of atoms in the molecule. This behavior can be seen in XRD analysis in Fig. 2 as well. Nano
rods ZnO morphology was shown in Fig. 1(d), uniform shape for each particle is clearly
observed with almost one direction distribution.
XRD pattern of β-SiC, SiC nano particles, Ni, Fe2O3 and ZnO are presented in Fig. 2.
Obvious XRD peaks are observed in Fig. 2(a) and (b), the detected peaks at position 2θ
(21.84, 31.16, 35.65, 41.4, 59.99 and 71.78) and (35.64, 41.39, 59.97 and 71.76) of which
correspond to (011, 012, 111, 002, 022 and 113) and (111, 002, 022 and 113) related to both
β-SiC and SiC nano particles respectively. The results clearly showed that the SiC used in
this study is in crystalline phase, cubic structure. On the other hand, broad diffraction peaks
are observed in nickel’s particles with no visible crystalline peaks patterns as seen in Fig.
2(c), this match with the FE-SEM result of amorphous particles. Opposite to Ni, the
magnetite Fe2O3 exhibited one significant peaks indicate the intensity of iron particles
marked with indices (202) correspond to diffraction angle 27.96, low peaks obtained in the
sample which seems like kind of amorphous due to oxidation in particles after drying. The
observation of ZnO appeared high purity of Zn with oxidation peaks, the indices of XRD
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peaks are (010, 002, 011, 012, 110, 013, 112, 021 and 022) which equal to (31.61, 34.33,
36.09, 47.36, 56.30, 62.64, 67.63, 68.73 and 76.58) Fig. 2(e)

a

b

d

c

Fig. 1. FE-SEM for a) Silicon Carbide Whisker (β-SiC), b) Fe2O3 , c) Ni, d) ZnO
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Fig. 2. XRD- pattern for a) Silicon Carbide Whisker (β-SiC), b) SiC nano particles, c) Ni, d)

Fe2O3 , e) ZnO

4 Absorption properties of EM wave
The complex permittivity         and permeability         of Nano
powders are shown in Fig. 4 in the X-band range to investigate the dielectric properties of
the materials especially SiC at room temperature. As observed, SiC whisker showed the
highest value of permittivity due to high surface area with high porosity compared to other
materials, as well as the rough surface of whisker and the network that may generated by
whisker. As known that the real and imaginary part of complex permittivity represent the
capability of material to store and dissipate energy respectively, also ε` represent the
polarization of material when expose to electric field. This consists of interfacial
polarization; this concept is illustrated in Fig. 3 (a) and (b); where SiC whisker shows a
gradual increase in imaginary part when frequency increases. Opposite to other material, Ni
started to rise after 12 GHz were other materials almost stable, this related to its magnetic
nature. The small amount of   comes from the high resistivity of the materials except SiC
whisker show low resistivity, when the frequency increases due to microwave attenuation.
On the other hand, the permeability was introduced in Fig. 3(c) and (d), in the real part of µ
ZnO showed the highest value of permeability comparing to other material, one broad peak
was contributed in the ZnO at frequency 9.7 GHz until 9.9 GHz which means a broad
resonance lasted along this range of frequency. Nickel exhibit gradual decrease of magnetic
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absorption ability due its magnetic nature after 11GHz which reached the saturation point of
magnetization. In the same manner all the other materials got almost same trend, but for SiC
whisker the decrease in real permeability is due to diamagnetic characteristic. Some broad
resonance peaks can be seen at range 9.5 – 10 GHz with maximum value of 1.172 at 9.964
GHz, 1.144 at 9.96 GHz, 0.911 at 9.88 GHz for Ni, Fe2O4 and SiC whisker respectively, in
which natural resonance occurred in these materials [16]. This phenomenon (multi
resonance) explained the effect of grain size on the magnetic behavior of nanoscale powder,
also the large surface area compare to volume of nano powder allows for more absorbing
ability, which also allow to carry more energy. The imaginary part exhibited also some
resonance peaks for Fe2O3 , ZnO and SiC whisker mean while nickels particles tend to
increase because of the amorphous structure and eddy current effect. From Fig. 4d, it can be
observed that most values of SiC nano particles and all values of SiC whisker are in negative,
this can be explained by some noise during testing and the most crucial factor to be noticed
is indicating through the left hand materials (LHS) as mentioned in some studies or it may
include initially LHM properties which clearly shown in SiC whisker. In comparison
between (ε’, ε’’, µ’ and µ’’), the values of permittivity are much larger than the values of
permeability due to the significant dielectric loss.
a
b

c

d

Fig. 3. EM properties a) RP permittivity, b) IP permittivity, c) RP permeability, d) IP permeability

5 Conclusion
The characterizations of the selected materials were investigated in terms of (FESEM,
XRD, XPS and microwave absorbing capability). The results demonstrated that the particles
are in nano scale with high purity, as well as the microstructure investigation showed that Ni
is an amorphous structure with broad XRD peaks. On the other hand, the EM absorbing
behavior of the nano powder indicated ability to EM absorbing characteristic of SiC nano
particles and other fillers with high reflection for whisker which is mainly related to its
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dielectric properties, this can be figured out that SiC whisker is a good electromagnetic
reflector due to its high permittivity that exceed 10. So transmission of EM can be further
promising in all materials except SiC whisker.
The author would like to thank department of mechanical engineering- Universiti Teknologi
PETRONAS, Perak-Malaysia, for their kind technical and financial support under grant number (URIF
0153AA-B91) and the research and development center for the electromagnetic support at Universiti
Teknologi PETRONAS.
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