Composite Interfaces

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tcoi20

Taylor & Francis

Taylor & Francis Group

Improved mechanical and high-temperature
electromagnetic wave absorption properties
of SiC¢/BN/AIPO, composites with absorber

multiwalled carbon nanotubes

Feng Wan , Jianhui Yan & Hongmei Xu

To cite this article: Feng Wan , Jianhui Yan & Hongmei Xu (2020): Improved mechanical
and high-temperature electromagnetic wave absorption properties of SiC/BN/AIPO,
composites with absorber multiwalled carbon nanotubes, Composite Interfaces, DOI:
10.1080/09276440.2020.1812336

To link to this article: https://doi.org/10.1080/09276440.2020.1812336

@ Published online: 03 Sep 2020.

\]
CJ/ Submit your article to this journal &

||I| Article views: 14

A
& View related articles '

RN

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=tcoi20


https://www.tandfonline.com/action/journalInformation?journalCode=tcoi20
https://www.tandfonline.com/loi/tcoi20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09276440.2020.1812336
https://doi.org/10.1080/09276440.2020.1812336
https://www.tandfonline.com/action/authorSubmission?journalCode=tcoi20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tcoi20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/09276440.2020.1812336
https://www.tandfonline.com/doi/mlt/10.1080/09276440.2020.1812336
http://crossmark.crossref.org/dialog/?doi=10.1080/09276440.2020.1812336&domain=pdf&date_stamp=2020-09-03
http://crossmark.crossref.org/dialog/?doi=10.1080/09276440.2020.1812336&domain=pdf&date_stamp=2020-09-03

COMPOSITE INTERFACES Ia|y|&?r &GFraHCIS
https://doi.org/10.1080/09276440.2020.1812336 aylor & Francis Group
| ) Gheck for updates |

Improved mechanical and high-temperature electromagnetic
wave absorption properties of SiC;/BN/AIPO, composites with
absorber multiwalled carbon nanotubes

Feng Wan 2", Jianhui Yan®® and Hongmei Xu#*

aSchool of Materials Science and Engineering, Hunan University of Science and Technology, Xiangtan,
Hunan, China; "Hunan Provincial Key Laboratory of Advanced Materials for New Energy Storage and
Conversion, Hunan University of Science and Technology, Xiangtan, Hunan, China

ABSTRACT ARTICLE HISTORY

An electromagnetic wave absorbing material acting from 8.2 to Received 1 April 2020
12.4 GHz (X-band) is fabricated by mixing BN-coated SiC fiber with Accepted 17 August 2020
AIPO, matrix, and using multiwalled carbon nanotubes (MWNCTs) KEYWORDS

as the absorber. The effect of temperature on the microstructure of g fiper. ALPO, matrix; BN
BN interface is disclosed by XRD and FT-IR characterizations. The interface; microwave
crystallinity of BN increased with elevated temperature. The fracture absorber

strength of SiC¢/BN/AIPO, composites rise from 175 to 350 MPa and

the fracture displacement was elevated from 0.25 to 0.7 mm. The

increasing complex permittivity of SiC¢/BN/AIPO,/MWCNTs compo-

sites in the temperature range of 25-600 °C is ascribed to the

shortened electron polarization-relaxation time and improved elec-

trical conductivity. Attenuation constant and input impedance are

chosen to discuss the reflection loss of the composites. Finally,

a 4.2 GHz absorbing bandwidth below —8 dB is achieved with

3.1 mm thickness in the range of 25-600 °C.

1. Introduction

Electromagnetic wave absorbing materials are designed to decrease the reflected electro-
magnetic wave by absorbing electromagnetic wave and transforming it into other energy,
which have achieved extensive focus in aerospace and military fields [1-7]. Currently,
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good application in high-temperature environments is a main topic of the research for
electromagnetic wave absorbing properties.

Ceramic matrix composites (CMCs) are designed to act as structural materials by
overcoming the brittleness of pure ceramics, show casing advantageous high temperature
stability and stiffness. Currently, CMCs receive increasing interest and are developed as
high temperature wave absorbing materials [8-13]. Researchers have especially paid
much attention to construct SiC fiber reinforced CMCs due to their high toughness,
such as SiC¢/SiC composites [14-17], SiC¢/lithium-aluminum-silicate (LAS) composites
[18], and SiC¢/aluminum phosphate (AIPO,) composites [19-21].

CVI (Chemical vapor infiltration) or PIP (Precursor infiltration and pyrolysis) meth-
ods are usually employed to prepare SiC¢/SiC composites. Although SiCy/SiC composites
have good mechanical properties, the SiC matrix from PIP or CVI process is rich in
carbon content, leading to a high conductivity and a strong electromagnetic wave
reflection for SiC¢/SiC composites [22-24]. Compared with SiC¢/SiC composites, the
SiC fiber reinforced insulated oxide matrix (SiO,, Mullite, LAS) composites have a low
dielectric constant and weak electromagnetic wave reflection, but the high temperature
sintering process damages the SiC fiber structure and leads to poor mechanical proper-
ties. SiC¢/ AIPO, composites not only show excellent mechanical properties, but also a low
dielectric constant, allowing adjustments of the wave absorbing property. Moreover, SiC¢
/AIPO, composites are fabricated by a low-temperature curing process, which is more
economical and environmentally friendly.

In this paper, SiC¢/BN/AIPO,/MWCNTSs composites are prepared by lamination with
MWCNTs for fine tuning dielectric property and with BN interface for improving the
mechanical property. The complex permittivity is investigated from 25 to 600°C and in
X-band. The reflection loss of SiC¢BN/AIPO,/MWCNTSs composites in the X-band is
simulated.

2. Experiment
2.1. Experimental materials

SiC fibers were provided by National University of Defense Technology (China), The
properties of SiC fibers are shown in Table 1. MWCNTSs with diameter of 30-90 nm,
length of 5-10 pm, and purity greater than 96% were chosen.

2.2. Preparation of BN interface

The solvent was prepared by mixing 100 mL deionized water with 200 mL methanol.
About 3 g of boric acid (H3BO;) and 27 g of urea (CO (NH,),) were mixed into the
solvent, which was ultrasonically treated for 20 min to obtain the precursor fluid of BN.

Table 1. Properties of KD-1 fibers.

Diameter
Fiber type (um) Density (g/cm3) Tensile strength (MPa) Electric conductivity (S/cm) C/Si ratio

KD-1 14-16 2.54 1800-2200 2-3 1.25
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After 20 min ultrasonically clean in alcohol solution, SiC cloths were put in the
precursor fluid of BN. Then these cloths were drawn out from the solution with
a roller constantly running at 60 rpm. Finally, under a nitrogen atmosphere, these cloths
were placed in a vacuum furnace and pyrolyzed with heating rate 8°C/min up to 800°C,
900°C, 1000°C, and 1100°C, respectively.

2.3. Preparation of SiC¢/BN/AIPO,/MWCNTs composites

The preparation process of Al(H,PO,); solution, which was used to form AIPO,
matrix, can be found in Ref [21]. Four different amounts of MWCNTs (1.5, 2.5, 3.5,
and 4.5 wt.%) were add into the Al(H,PO,); solution. A uniform slurry is obtained
after 3 h ball milling. Next, some sheets of BN-coated SiC cloths were dipped in the
slurry and were then hot pressed to obtain SiC¢/BN/AIPO,/MWCNTs composites, as
depicted in Figure 1. The final dimension of the prepared composites was approxi-
mately 50 mm’ x 50 mm" x 3 mm’".

2.4. Characterization

The BN structure was investigated by Fourier transform infrared spectrum (Nicolet
Nexus 670 with the resolution of 4 cm™' and the wavelength of 400-4000 cm™, the
KBr pellet method is used to prepare the sample) and X-ray diffraction (X’ Pert Pro,
Philips, Netherlands), using Cu Ka (A = 0.154 nm) radiation and scanning from 15° to

H;BO,/ CO Al (OH), H,;PO,
(NH,),
90°C
Infiltration l
A 4
SiC fiber cloths Al (H,PO,); MWCNTs
Ball
Drying milling
\T Impregnated slurry
Nitriding
v
SiC fiber cloths R SiC1f'BNf’A1PO4.fMW
with BN interface “| CNTs composites

Figure 1. Preparation route of SiCy/BN/AIPO,/MWCNTs composites.
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90°. The morphologies of BN interface and SiC¢/ AIPO, composites were characterized by
SEM (ZEISS Supra55).

The flexural strength (o) of SiC¢/BN/AIPO, composites was determined by three-point
bending test and was calculated based on Equation (1):

3PL
o=—
2wi?

(1)

where L is the length of support span, ¢ is specimen thickness, w is specimen width, and
P is load at a point of deflection of a load-displacement curve in test. The composites
sample was cut and polished to 40 mm' x 4 mm"x 3mm".

The dielectric property of the SiC¢/BN/AIPO,/ MWCNTSs composites was measured
using a vector network analyzer (E8362B) based on the waveguide method in X-band,
shown in Ref [25].

The DC (direct current) conductivity (o,.) of SiC¢/BN/AIPO,/MWCNTs composites
was measured using a simple method. Some samples (22.86 mm’ x 10.16 mm" x 3 mm’)
were covered with a conductive Ag paint on two parallel surfaces. Then, o, of the
samples in the thickness direction was calculated according to Equation (2) [26]:

04 = L/R,S (2)

where R, is the electric resistance, L is the 3 mm thickness, and S is the surface area
(22.86 mm x 10.16 mm).

3. Results and discussion
3.1. Effect of temperature on the microstructure of BN interface

Figure 2 shows the XRD patterns of BN products prepared at four temperatures of 800°
C, 900°C, 1000°C, and 1100°C. The intensity of diffraction peak at 26.5° (20) corre-
sponding to turbostratic BN (t-BN) [27] increases gradually when the temperature rises
from 800°C to 1100°C. With increasing temperature, the diffraction peak at 26.5° (20)
becomes narrower and sharper, proving that the crystalline degree of t-BN is improved.
At 800°C, the formation of t-BN is not obvious. At 900°C, there is the existence of Hj
BOs;, proving that the formation of t-BN is incomplete. At high temperature, the
decomposition of H;BO; brings holes to the BN interface and decreases the antiox-
idization effect of BN interface. So, it is not suitable to prepare BN interface at 800°C
and 900°C.

Figure 3 shows the Fourier transform infrared spectrum of reaction products at 1000°
C and 1100 °C. A sharp and broad absorption peak is seen to occur at 800 cm™ ' and
1400 cm ™" under both temperatures. The peak near 1400 cm™" and 800 cm ™" should be
ascribed to the in-plane B-N TO models of the sp>-bonded BN and the B-N-B bonding
vibration out of the plane, respectively [28]. These results from Figures 1 and 2 prove that
pure t-BN was formed above 1000°C. In order to decrease the damage to the SiC fiber
during the preparation of BN interface, the temperature is chosen to be 1000°C [29].

The surface morphologies of original and coated SiC fibers at 1000°C are investigated
by SEM, shown in Figure 4. As seen from Figure 4(a), the surface of original SiC fibers is
smooth and shows few defects. It is revealed in Figure 4(b-c) that the surfaces of SiC
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Figure 2. The XRD patterns of BN interface prepared at different temperatures.

fibers with interfaces are relatively smooth and uniform, and no bridging is detected,
representatively. Bridging between fibers can affect deposition of matrix and lead to
nonoptimal mechanical properties in consequence of stress concentration on the defects.
To minimize stress concentration and have the correct crack deflection behavior,
a proper surface morphology (Interfacial roughness) of interphase for composites is
necessary. The smooth and uniform BN interfaces prepared at 1000°C decrease the stress
concentration and offer the interfacial friction force in SiC¢/BN/AIPO, composites,
which are suitable to be applied as interfaces.

3.2. Effect of BN interface an MWCNTs on the mechanical property of SiC;
/BN/AIPO, composites

SiC¢/ AIPO, composites (50 mml x 50 mmw x 3 mmt) with and without BN interface are
cut into six samples (40 mml x 4 mmwx 3mmt) to test the flexural strength. The final
flexural results are supported by the minimum value in six samples. The flexural
strength-fracture displacement curves of BN-coated and BN-uncoated SiC¢/AIPO, com-
posites are reflected in Figure 5. A low 170 MPa in flexural strength is achieved for SiCy
/AIPO, composites without BN interface in curve a, showing a short fracture displace-
ment of 0.25 mm. The fracture displacement is determined from 0 in X axis to the value
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Figure 3. FT-IR spectra of products from urea and boric acid at 1000°C and 1100°C.
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Figure 4. SEM images of pristine SiC fiber (a) and SiC fiber coated with BN at 1000°C (b, c).
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Figure 5. Stress-displacement curves of SiC/AIPO, composites: (a) without BN interface and (b) with
BN interface.

corresponding to the maximal flexural strength. The sample cracks in a catastrophic and
brittle manner due to the strong bonding strength between AIPO, matrix and SiC fiber.
After the introduction of BN interface at 1000°C, the SiC¢/BN/AIPO, composites display
an obviously toughened fracture behavior, shown in curve b. A high 350 MPa in flexural
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strength and a long fracture displacement of 0.4 mm are obtained, which proves that
much more energy during fracture process is consumed. Multiple fiber reinforcing
mechanisms, including fiber debonding, crack deflection and fiber pullout may contri-
bute to the enhanced mechanical strength, as supported by SEM results in Figure 6.

ey 2 " S \ / ) - Fey
2 NS o

Fiber pull-out

4 'JDebonding \ _le_ \

Figure 6. The surface morphologies of SiCi/AIPO, composites: (a) and (b) without BN interface, (c) - (e)
with BN interface at 1000°C.
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Figure 6 shows the fracture surface morphologies of BN-coated and BN-uncoated SiCy
/AIPO, composites. The fracture surface of BN-uncoated SiC¢/AIPO, composites is
relatively even and displays little fiber debonding and fiber pullout due to the strong
SiC fiber binding. After SiC fiber surface modification with BN at 1000°C, SEM of
fracture surfaces show considerable amounts of voids, fiber debonding, and topographi-
cal uneven surface in Figure 6(c, d).

Fiber strength and interfacial binding strength determined the mechanical properties
of SiC¢/AIPO,4 composites. Without BN interface, the strong interfacial binding strength
makes the fiber reinforced mechanisms fail, energy cannot be deflected and caused the
brittle fractures. The introduction of BN interface not only protects SiC fiber from being
damaged, but also decreases the interfacial binding strength and enhances the compat-
ibility between fiber and matrix. By toughening mechanisms like fiber debonding, cracks
deflection and fiber pullout, the energy of cracks propagation in the matrix is consumed
gradually.

Not only BN interface makes much contribution, but also the introduction of
MWCNTs plays a role in improving the flexural strength. It is found in Figure 6(e)
that many MWCNTs are pullout from matrix and bridged between matrix. During
pullout and bridging, much energy of cracks propagation is consumed.

As a result, the SiC/BN/AIPO, composites exhibit a high flexural strength, a long
fracture displacement and high fracture energy due to the introduction of BN interface
and MWCNTs, reflected in Figure 5(b).

3.3. Effect of MWCNTs content on the dielectric property of SiC;/BN/AIPO,
composites

Figure 7 shows the values of complex permittivity for SiC¢/ AIPO4 composites with and
without BN interface. Real part is € and imaginary part is ¢”. It can be found that € has
a slight increase while &” shows little change after coating BN layer.

4.6 0.5
(a) (b)
4.4 ) Ua
BN interface N
;_;; WM"‘WM g 034
= 4.2 [
2 ; ; EXPR i ace
= Without BN interface g 2 S inberfce
2
4.0 g
0.14
Without BN interface
38 T T T T 0.0
8 9 10 11 12 8 9 10 I 12 13
Frequency/GHz Frequency/GHz

Figure 7. The (a) real part/e’ and (b) imaginary part/e” of SiC¢/AIPO, composites with and without BN
interface.
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Figure 8. (a) real part/¢’, (b) imaginary part/e”, (c) &" and (d) &,"/€" for SiC#/BN/AIPO,/MWCNTSs
composites with different amounts of MWCNTSs.

The € and €" values for SiC¢/BN/AIPO,/MWCNTSs composites with different amounts
of MWCNTs (1.5, 2.5, 3.5, and 4.5 wt. %) are reflected in Figure 8. Both the values of
complex permittivity increase in the X-band with MWCNTSs content changing from 0 to
4.5 wt. %, € value increasing from 3.9 ~ 4.0 to 9 ~ 11.5 and ¢" value increasing from

0.1 ~0.2to13.1 ~15.2.

¢ and &” can be calculated according to the Debye equation [30]:

/

T

— ¢ _ & 780 (3)
Y 1+ @?r(T)?
8//:£T//+80// (4)
"_ (& — SOO)wT(T)
= T o (T) (5)
80-”— G(T) (6)
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where ¢4 is the permittivity at the high-frequency limit, «;is the static permittivity, wis the
angular frequency of 27f, ¢, is the permittivity in the vacuum, 1(T) is the relaxation time
of 8.85 x 107"* F/m.

€’ is controlled by the polarization relaxation time, depicted in Equation (3). There are
various electric polarizations such as space charge polarization, molecular or dipolar
polarization, ionic polarization, atomic polarization, and electronic polarization.
Electronic and atomic polarization is sure to take place in the microwave range. The
space charge polarization in the GHz range is often ignored considering a long time to
establish. So, the electronic polarization relaxation mainly leads to the increase of €.
Highly conductive MWCNTSs can serve as an electron transfer medium inside the SiC
fiber reinforced AIPO, matrix. More electrons migrate and accumulate at the interfaces
but some of these electrons cannot catch up with the alternating EM field, and thus the
polarization relaxation occurs.

As described in Equation (4)-(6), both the relaxation time and electric conductivity
play key roles in €". Table 2 shows that the electric conductivity of SiC¢/BN/AIPO,
MWCNTSs composites increases with increasing MWCNTSs. The values of ¢,” and &,"/e
" can be calculated, depicted in Figure 8(c) and Figure 8(d), respectively. With 1.5 wt.%
MWCNTs addition, the ;" value is small and &,"/e" value is below 0.5, proving that the
polarization mechanism controls the &”. The increasing MWCNTs content makes the ;"
and &,"/¢" values show an increasing tendency, which proves that the effect of electric
conductance loss on the ¢” becomes more and more important. Especially, the values of
g,"/e" exceed 0.5 when MWCNTs content exceeds 3.5 wt. %.

When the MWCNTs are in contact with each other, proved by Figure 6(e), the free
electrons transfer between nanotubes and direct current is formed, leading to electrical
conductivity loss. More MWCNT's contact with each other or have closer distance, more
continuous conduction paths are form or more hopping electrons are obtained, if the
MWCNTs content is raised [31,32]. So, much more direct current is obtained, resulting
in more electric conductivity loss [33]. These results are proved by Figure 8(c,d).

3.4. Effect of temperature on the microwave absorbing property of SiC/BN/AIPO,
/MWCNTs composites

At temperature between 25 and 600°C in X-band, the values of complex permittivity for
SiC¢/BN/AIPO,/MWCNTSs composites with 1.5 wt. % MWCNTs are reflected in Figure 9.
As depicted in Figure 9(a), € value changes from 6.5 to 5.4 at 25°C and 8 to 6.9 at 600°C
in the X-band range. As is exhibited in Figure 9(b), the value of ¢” changes from 3.1 to 2.3
at 25°C and 4.6 to 3.2 at 600°C in the X-band range.

Figure 10 shows the calculated reflection loss of SiC¢/BN/AIPO,/MWCNTSs compo-
sites containing 1.5 wt.% MWCNTs in the range of 25-600°C. There are six different
calculated thicknesses at each temperature: 2.6 mm, 2.8 mm, 3.0 mm, 3.2 mm, 3.4 mm,

Table 2. The electric conductivity of SiCi/BN/AIPO,/MWCNTs composites with different contents
of MWCNTs.
Content of MWCNTs (wt%) 0 1.5 2.5 35 45
04c(S/m) 8.0x10°° 0.04 0.85 1.8 6.2




12 (&) F.WANETAL

Imaginary part

Imaginary part

Figure 9. (a) € and (b) €” for SiC//BN/AIPO,/MWCNTs composites with 1.5 wt. % MWCNTSs at various
temperature.
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Figure 10. The reflection loss curves of various thicknesses of SiC/BN/AIPO,/MWCNTs composites at
different temperatures: (a) 25°C, (b) 200°C, (c) 400°C, and (d) 600°C.
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Figure 11. The-8 dB bandwidth vs. thickness curves of SiC/BN/AIPO,/MWCNTs composites at various
temperatures.

and 3.6 mm. The absorbing bandwidth below —8 dB is chosen to evaluate the microwave
absorbing property of SiC¢/BN/AIPO,/MWCNTSs composites.

According to Figure 10, the absorbing bandwidth below —8 dB within the thickness
range of 2.6-3.6 mm is shown in Figure 11 at each temperature. From Figure 10, it can be
observed that when the thickness is chosen to be from 3.2 to 3.4 mm, the frequency width
of reflection loss of less than —8 dB is 4.2 GHz (the entire X-band) at 25°C and 200°C.
When the thickness is chosen to be from 3.0 to 3.2 mm, the frequency width of reflection
loss of less than —8 dB is 4.2 GHz (the entire X-band) at 400°C. As for the 600 °C, the
suitable thickness is from 2.8 to 3.0 mm. Obviously, matching thickness decreases with
the increasing temperature. Even if the absorber can show excellent wave absorbing
property at low temperatures, higher temperatures may worsen the property. Hence, the
thickness of the SiC/BN/AIPO,/MWCNTSs composites is crucial. At a specific thickness,
the composites display good absorbing wave property in the entire temperature range. It
can be seen from Figure 11 when the thickness is from 3.0 to 3.2 mm, the bandwidth for
-8 dB reflection loss shows minimal difference when the temperature increased from 25
to 600°C.

Microwave absorbing property are determined by two factors: impedance matching
and attenuation constant. The attenuation constant has no relationship with thickness,
but the impedance value is strongly dependent on the thickness. For example, when SiCy
/BN/AIPO,/MWCNTSs composites are prepared with 1.5 wt. % MWCNTSs content and at
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Figure 12. (a) Input impedance of SiC#/BN/AIPO,/MWCNTs composites with different thicknesses at
25°C, (b) attenuation constant and (c) input impedance of SiC¢/BN/AIPO,/MWCNTs composites with
2.6 mm thickness at different temperatures.

25°C, the attenuation constant of composites is unchanged with increasing thickness. But
the input impedances differ at different thicknesses, as shown in Figure 12(a). The
impedance value of vacuum is 377 Q. The closer the input impedance value of SiCy¢
/BN/AIPO,/MWCNTSs composites to the vacuum value, the more electromagnetic wave
can enter the composites. When the frequency is 12.4 GHz, the input impedances at
2.8 mm, 3.0 mm, 3.2 mm, 3.4 mm, and 3.6 mm are 415 Q, 339 Q, 275 Q, 226 Q, and
188 Q) respectively. The difference between input impedances and impedance of vacuum
increases gradually, less electromagnetic wave enters the material and microwave absorb-
ing property is less poor, proved by Figure 10(a). The attenuation constant and input
impedance of 2.6 mm SiC¢/BN/AIPO,/MWCNTSs composites prepared at different tem-
peratures are reflected in Figure 12(b,c), respectively. Although the difference between
input impedances and impedance of vacuum at 600°C is larger than that at 25°C, the
attenuation constant at 600°C is far higher than that at 25°C. Thus, the microwave
absorbing property at 600°C is still better than that at 25°C, as reflected in Figure 10.

Figure 13 shows the high-temperature reflection loss of SiC¢/BN/AIPO,/MWCNTs
composites with 3.1 mm thickness. Reflection loss of less than — 8 dB is almost in the
entire X-band when the temperature changes from 25 to 600°C. Hence, the SiC¢
/BN/AIPO,/MWCNT composites of 3.1 mm thickness display good microwave absorb-
ing property at high temperatures.
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13. The reflection loss curves of 3.1-mm-thick SiC;/BN/AIPO,/MWCNTs composites at various

temperatures.

4. Conclusions

(1)

2)

)

SiC¢/BN/AIPO,/MWCNTSs composites are fabricated by lamination and BN inter-
face is successfully prepared via dip-coating method. The crystallinity of BN
increases with elevated temperatures. Through the introduction of BN interface
into SiC/BN/AIPO,/MWCNT composites, there are clear improvements to the
flexural strength and fracture displacement, transforming brittle fracture behavior
into ductile fracture behavior.

By investigating the dielectric property of SiC/BN/AIPO,/MWCNT composites
with different amounts of MWCNTs (1.5, 2.5, 3.5, and 4.5 wt. %), it is found that
shortened relaxation time of electron polarization in SiC¢/BN/AIPO,/MWCNT
composites contribute to enhancement of €. As for €”, it is controlled by relaxa-
tion time and electric conductivity. The more MWCNTs content, the greater effect
electric conductivity on the €.

The calculated reflection loss indicates that microwave-absorption property is
remarkably affected by impedance match and electromagnetic attenuation. It is
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tightly correlated with the electromagnetic parameters, absorber thickness, tem-
perature, and frequency. By adjusting MWCNTs content to 1.5 wt. % and com-
posites thickness to 3.1 mm, the reflection loss of less than —8 dB for SiC¢
/BN/AIPO,/MWCNTs composites is almost in the entire X-band when the tem-
perature increases from 25 to 600°C.

Excellent mechanical property and wave absorbing property elucidate that SiCy
/BN/AIPO,/MWCNT composites are possible be used as structural electromagnetic
wave absorbing materials in high-temperature environment.
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