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Ultra-high Temperature EM Wave Absorption Behavior for
Ceramic/Sendust-aluminosilicate Composite in X-band

Kwang-Sik Choi*, Dongyoung Sim**, Wonwoo Choi**, Joon-Hyung Shin**, Young-Woo Nam**"

ABSTRACT: This paper presents the development of thin and lightweight ultra-high temperature radar-absorbing
ceramic composites composed of an aluminosilicate ceramic matrix-based geopolymer reinforced ceramic fiber and
sendust magnetic nanoparticles in X-band frequency range (8.2~12.4 GHz). The dielectric properties with regard to
complex permittivity of ceramic/sendust-aluminosilicate composites were proportional to the size of sendust magnetic
nanoparticle with high magnetic characteristic properties as flake shape and its concentrations in the target frequency
range. The characteristic microstructures, element composition, phase identification, and thermal stability were
examined by SEM, EDS, VSM and TGA, respectively. The fabricated total thicknesses of the proposed single slab
ultra-high temperature radar absorber correspond to 1.585 mm, respectively, exhibiting their excellent EM absorption
performance. The behavior of ultra-high temperature EM wave absorption properties was verified to the developed
free-space measurement system linked with high temperature furnace for X-band from 25°C to 1,000°C.
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Table 1. Properties of Ceramic yarn (3M Nextel™ 610)

Continuous Use
Temperature (°C)

Chemical Composition| AlO,

1,000
(wt.%) 99%

Filament Tensile

Filament Tensile 2800 370

Strength (MPa) Modulus (GPa)
Dielectric Loss Tangent
4. .002
Constant @9.5GHz 7 @9.5GHz 0.00
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Fig. 1. Blending Process for Aluminosilicate
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Table 2. Nominal Composition of Sendust

Table 3. Physical Properties of Sendust

Type 1 2 3 4 5
Particle size [um] | 20-30 | 30-40 | 45-55 | 40-60 |88.94
Aj t densit
PParelit CEnSIY | 1.0~1.4 | 0.6~0.8 | 0.3~0.6 | 0.3~0.6 | 0.27

[g/cm’]

Nominal Composition (wt.%)
Materials
Fe Si Al C
Sendust 85.08 9.5 5.4 0.02
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Fig. 2. SEM images of (a) 35 um size Sendust powder
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Elements | Wt.% | Atom.%
Fe 87.69 | 77.89
si | 720 | 1272
Al 511

Sendust 35 ym

Fig. 3. EDS results of 35 um size Sendust powder
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Table 4. EDS results of each size Sendust powder

Weight percentage (wt.%) / Atomic percentage (at. %)
Sample
Fe Si Al

25 um 87.54/77.67 7.63/13.46 4.83/8.86
35 um 87.69/77.89 7.20/12.72 5.11/9.39
50 um 87.80/78.08 7.48/13.22 4.73/8.70
60 um 87.76/78.01 7.38/13.05 4.86/8.94
88 um 86.16/75.50 8.47/14.77 5.37/9.73
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Fig. 4. Hysteresis loops of Sendust powder
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Fig. 19. The measurement results for absorption performance
of the proposed RAS at various temperatures
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