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Abstract: Silicon carbide nanowires (SICNWs) possess excellent electromagnetic absorption performance and a
three-dimensional (3D) network structure is beneficial to the multiple reflection and absorption of electromagnetic
waves (EMWs). The 3D staggered SICNWSs network preforms with a volume fraction of 20% was realized by vacuum
filtration method. And then the PyC interphase and SiC matrix were prepared through chemical vapor infiltration
(CVI) process, and the densified SICNWs/SiC ceramic matrix composites were obtained through CVI and precursor
impregnation pyrolysis (PIP) process. Methane (CH,) and trichloromethylsilane (MTS) were selected as gaseous
precursor of the PyC and SiC, respectively. With increase of deposited PyC from 0 to 29.5%, the electromagnetic
interference (EMI) shielding efficiency (SE) of the porous SiCNWs increases from 9.2 dB to 64.1 dB in 8-12 GHz
(X-band). The densified SICNWSs/SiC ceramic matrix composites with a mass gain of about 13% of PyC interphase
present an average EMI SE of 37.8 dB in X-band. The achieved EMI shielding properties suggested that the potential
application of the SICNWSs/SiC ceramic matrix composites may be a promising new-generation EMI shielding material.
Key words: SiC nanowire; electromagnetic interference shielding; ceramic matrix composite; PyC deposition; SiC
matrix

Due to the intensive growing application of electronic results in a considerable EMI SE. However,

devices, the harm of EMWSs emitted from electronic
devices to human health cannot be ignored'™. Also,
electromagnetic interference (EMI) can make electronic
devices difficult for normal operation. To reduce the
damage of EMI to the human body and electronic devices,
materials are designed to shield or weaken EMIP!. The
shielding material can cut down the EMWs emitted by
electronic equipments and prevent the EMWs from
scattering, which can ensure a relatively independent
working environment and prevent the information from
leaking by the EMWs. Currently, metal is an optional
EMWs absorption material, and the movable electrons
can induce current in electromagnetic fields to consume
EMWs!®/. EMWs are converted and consumed, which

properties of high density, easy to be oxidized and
corroded significantly limit the application of metal in
electromagnetic shielding material.

In recent years, one-dimensional nanomaterials with
unique properties have attracted the attention of researchers.
Especially, SICNWs possess many unpaired chemical
bonds on the surface than SiCy, which can be polarized in
electromagnetic fields to consume the EMWs!®'2. So
SiCNWs with the unique one-dimensional structure own
excellent electromagnetic absorption performance, and
the construction of a 3D spatial network is expected to
further enhance the EMI SE!"*"'® The introduction of
SiCNWs into composites can effectively improve the

EMI shielding performance of the composites!'*'""").
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Moreover, the twins SICNWSs possess higher energy and
better (20231

Compared with the traditional ferromagnetic materials,

electromagnetic absorption performance

the one-dimensional structure makes SiCNWs easier to
construct a 3D network structure, which can further
expand the path of dissipation current and increase
electromagnetic absorption loss*". For the application of
SiCNWs on EMI shielding performance, the main method
is the in-situ growth of SICNWs inside the composite.
The purity and mass of SICNWSs cannot be controlled,
which makes it difficult to establish a relationship
between introducing parameters of the SICNWSs and the
improving performance of the composites. Another way
for adding SiCNWs into the composite is to introduce the
purified SiCNWs, which can avoid the problems of purity
and uncertain parameters. However, the agglomeration
makes SICNWs difficult to construct a uniform network,
which could result in performance deviation and weakening
of enhancement effect.

The shielding efficiency of electromagnetic shielding
materials can be expressed by the following formulal*:

SE; =SER +SE, (1)
Among them, SEr represents the total shielding loss, SEx
and SE,4 represent the reflection loss and absorption loss,
respectively. SEr relates to the structure of the material,
and the increase of the specific surface area increases the
reflection loss****.. SE, depends on the intrinsic properties
of the components and different materials possess different
absorption loss!**?'. To enhance the EMI shielding
performance, improving the reflection and absorption
loss are the main ways.

In this work, 3D network preforms with 20% volume
fraction of SICNWs were prepared by vacuum filtration
method, and the densified SICNWs/SiC ceramic matrix
composites with PyC interphase were obtained by CVI
and PIP process. The PyC has a positive effect on the EMI
shielding performance, the SEt of the SICNWs network
preforms with PyC mass gain of 21.3% and 29.5% are
45.0 and 64.1 dB at 8 GHz, respectively. The SiCNWs/
SiC ceramic matrix composite with PyC interphase shows
a SEt of 37.8 dB in X-band. The introduction of the PyC
interphase makes EMWs strongly reflect and absorb at
the interface of PyC, SiC and air, and the EMWs are
repeatedly reflected and absorbed in the 3D network.

1 Experimental

1.1 Construction of a 3D SICNWSs network

preform
The uniform SiCNWs suspension was firstly obtained
by the ultrasonication of the mixture of commercial

SiCNWs (Changsha Sinet Advanced Materials Co., Ltd.,
China) with the dispersant PVP. The mass ratio of SICNWs
and PVP is controlled at 6:1 and the ultrasonic power is
set at 300 W. As for the vacuum filtration method, uniform
suspension of SICNWs with PVP dispersed was poured
into vacuum filtration bottle and SiICNWs network preform
with a volume fraction of 20% was prepared by vacuum
filtration. The size of the preform is about 40 mm in
diameter and 0.67 mm in thickness.
1.2 Preparation of PyC interphase and SIC
matrix

The PyC interphase and SiC matrix were prepared by
the CVI process. CH4 was set at a flow rate of 50 sccm at
1100 ‘C and the PyC interphase was in-situ grown on
the preforms through the pyrolysis of CH,. During the
preparation of the SiC matrix, hydrogen was selected as
both carrier gas and diluent gas. The pyrolysis temperature
of MTS is controlled at 1030 ‘C and the flow rate of
carrier hydrogen and dilute hydrogen is controlled at 200
and 60 sccm, respectively. The whole reaction is set at
3 kPa for several hours. The PIP process was used for
further densification of the porous SICNWs/SiC ceramic
matrix composite for that single CVI process leading to a
huge densification difference between surface and internal.
The introduction of the PIP process requires the sample
high mechanical strength and open pores on the surface,
so the further densification of the PIP process was
performed after 40 h SiC matrix deposition, and a
densified SiCNWs/SiC ceramic matrix composite was
obtained after several PIP cycles.
1.3 Characterization

The microstructures of samples were characterized by
scanning electron microscope (SEM; Hitachi SU8220,
Japan). The pore parameters were tested by the mercury
porosimeter (Micromeritics Instrument Co, Ltd, America).
The EMI shielding performance was tested by the vector
network instrument (Vector network analyer; ROHDE&
SCHWARZ ZVB20; Germany).

2 Resultsand discussion

Fig. 1 is the surface and fracture morphologies of the
SiCNWs network preforms prepared by the vacuum
filtration method. Fig. 1(a-b) are the surface morphologies
of the preforms which show a uniform pore size and
SiCNWs restrict each other to keep a stable structure.
Fig. 1(c-d) are the fracture morphologies of the preforms
and SiCNWs almost perpendicular to the fracture which
shows a relatively stable structure of the internal. The
morphologies of the surface and fracture surface indicate
that a 3D network structure with uniform pore size is
prepared by vacuum filtration.
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Fig. 1 SEM images of the SICNWs network preforms prepared
by vacuum filtration
(a-b) Surface; (c-d) Section

To solve the problem that the EMI SE of the sample
decreases with the increase of frequency, PyC was
introduced to cover SICNWs. The layered structure of
PyC owns many free electrons, and the conductivity
increases with increasing free electrons. The influence of
PyC on EMI shielding performance can be calculated by

the following formula**~°!:
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where f'is the frequency of electromagnetic waves, u is
the permeability, d is the thickness of the SiCNWs
network preform, and ¢ is the conductivity. SE, and SEx
increase with the increase of the conductivity. SE,
increases, and SEr decrease with the increase of
frequency, while the frequency has a greater impact on
SE4 than SEg in X-band. So the deposition of PyC is
expected to alleviate the decreasing tendency of EMI SE
with the frequency increasing and improve the EMI SE
of the preform.

The SiCNWs network preforms with a different amount
of PyC were tested to carry out the influence of PyC on
EMI shielding performance. As shown in Fig. 2, the
SiCNWs preform without PyC deposition shows a higher
SEr and lower SE,, which indicates that the reflection
performance reduces and absorption performance increases
after depositing PyC. For the SiCNWs preforms with
PyC deposition, SE, shows a monotonously increasing
tendency with increasing mass of PyC. Compared to the
preform without PyC deposition, SE, of the preforms
with 21.3% and 29.5% weight gain of deposited PyC
significantly increase from 4.6 dB to 43.5 dB and
63.3 dB in X-band, which results in SErincreasing from
9.2 dB to 45.0 dB and 64.1 dB in X-band. SE, and SEt
are effectively enhanced by the incorporation of PyC.

The shielding efficiency can be calculated by the
following formula, and the value of R and A represents
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Influence of the different amount of PyC on the EMI shielding performance of the SiCNWs network

(a) SEg; (b) SE4; (¢) SEr; (d) Shielding efficiency
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the different shielding mechanism:
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4)

%)
r=10" 10 (5)
A=1-R-T (6)

Fig. 2(d) is the shielding efficiency of the preform.
The preform without PyC deposition takes reflection loss
as the main shielding mechanism. After deposition PyC,
the shielding mechanism converts to absorption loss and
the value of 4 increases with the increasing amount of
PyC.

The densification of the preform is achieved by CVI
and PIP process, and the densified sample with a small
size pore possesses a large surface area, which presents a
high strength and increases the reflection of EMWs at the
interface, so that EMWs are reflected and absorbed

multiple times in the 3D space constructed by SiICNWs.
The SiCNWs/SiC ceramic matrix composite shows a high
density after CVI and PIP process, and the pore parameters
are shown in Fig. 3. The pores of the SICNWSs/SiC ceramic
matrix composites mainly distribute in small pores with
size less than 3 pm, and the proportion of the small pores
reaches almost 82%. Small pores account for a larger
proportion of the total pore volume, so the composite has
a high pore-specific surface area.

The EMI shielding performance of the densified
SiCNWs/SiC ceramic matrix composite is shown in
Fig. 4. The EMI shielding performance of the two
samples decreases with increasing frequency. The reason
is that the insufficient introduction of PyC interphase
makes little balance for offsetting the frequency
dependence. The large specific surface area of the small
pores allows a considerable SEgx. The SiCNWs/SiC
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Fig. 3 Pore percentage (a) of different pore sizes, and pore volume of (b) 0—5 um and (c) 5-1200 um
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Fig. 4 EMI shielding performance of the SICNWSs/SiC ceramic matrix composite after treatment by CVI and PIP process
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ceramic matrix composite without PyC interphase possesses
higher SEg than that with PyC interphase in X-band, while
the SE, is much lower than the sample with PyC interphase,
which results in higher SE; of the sample with PyC
interphase than the one without interphase. The SEr of
the SiCNWs/SiC ceramic matrix composite without
interphase is 31.5 dB in X-band, and the composite with
PyC interphase reaches 37.8 dB. EMWs are reflected at
the interface of air, SiC and PyC, which leads to multiple
reflection and absorption of EMWs inside the composite.
Both of two samples take absorption loss as the main
shielding mechanism, and the value of the sample with
PyC interphase equals 79%, which shows that EMWs are
heavily absorbed. SEr over 30 dB indicates that 99.9% of
the incident power is blocked or only 0.1% incident
power is transmitted, so the SICNWs/SiC ceramic matrix
composite with PyC interphase shows SEr higher than
30 dB in X-band, and the composite is a potential military
EMI shielding material.

3 Conclusion

3D SiCNWs network preforms with volume fraction
of 20% were prepared by vacuum filtration method. PyC
interphase and SiC matrix were used to modify the SiC
network preforms. As the amount of PyC and SiC increases,
the EMI shielding performance of the preforms is enhanced.
The amount of the deposited PyC increases from 21.3%
to 29.5 %, which makes SEt of the SICNWs network
preform increases from 43.5 dB to 63.3 dB in X-band.
Compared with the sample without PyC, the SEt of the
SiCNWs/SiC ceramic matrix composite with PyC inter-
phase increased by 20% in X-band. The densified
SiCNWs/SiC ceramic matrix composites with PyC inter-
phase possess a higher SEr than 30 dB in X-band, which
shows an excellent EMI shielding performance.
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