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Abstract: In this study, the electromagnetic interference shielding effectiveness and thermal properties of silicone rubber
composites filled with various ferric oxides produced as by-products during a steel manufacturing process were analyzed.
Black ferric oxide (BFO) can absorb electromagnetic waves by magnetism, and yellow ferric oxyhydroxide (YFO) can
absorb electromagnetic waves by water molecules between crystal structures. This was confirmed by electromagnetic
interference shielding effectiveness (EMI SE) analysis through a vector network analyzer (VNA) and complex per-
mittivity and complex permeability calculated by Nichlson-Ross-Wier (NRW) equation. The size of the iron oxide par-
ticles was confirmed through SEM and particle size analyzer, and thermal properties of the silicone rubber composite
filled with ferric oxides were confirmed through TGA, XRD, and thermal conductivity analysis. Silicone rubber com-
posite filled with BFO has the highest EMI SE and the composite filled with red ferric oxide (RFO) has the best thermal
conductivity and thermal stability.
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Table 1. Classification of Ferric Oxide by Chemical Formula and Crystal Structure

Chemical formula Mineral name Crystal structure ]()ge/zrsrllg})/ Magnetic property Color
. Hexagonal Anti-ferro .
a-Fe,O5 Hematite (Trigonal) 5.26 magnetism Bright red
. . Ferri
v-Fe,05 Machemite Cubic 4.87 magnetism Red to brown
Fe;O, Magnetite Cubic 5.16 magzgtlism Black
o-FeOOH Goethite Orthorhombic 426 n?:g‘;gfg; Yellowish-brown
B-FeOOH Akaganeite Tetragonal 3.56 rﬁ:;;gfggl Yellowish-brown
y-FeOOH Lepidocrocite Orthorhombic 4.09 rﬁ;;;:firsrr?l Orange
Ferri .
5-FeOOH Feroxyhyte Hexagonal 4.20 magnetism Reddish-brown
FesHO;-4H,0 Ferrihydrite Trigonal 3.96 Sperg Reddish-brown
magnetism
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Scheme 1. The appearance of specimen used with experimental
instrument for S-parameter measurement.
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Figure 1. SEM microphotographs of fillers: (a,d) black ferric oxide; (b,e) red ferric oxide; (c,f) yellow ferric oxyhydroxide.
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Figure 2. Particle size analysis of various ferric oxides.
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Figure 3. (a) Relative permeability; (b) imaginary part of permeability; (c) relative permittivity; (d) imaginary part of permittivity of silicone

rubber composites filled with 300 phr of ferric oxides.
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Figure 4. EMI SE of silicone rubber composites filled with (a) 100
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Figure 7. (a) TGA analysis of ferric oxides in nitrogen and TGA thermograms of silicone rubber composites filled with (b) 100 phr; (c)

200 phr; (d) 300 phr of ferric oxides in nitrogen.
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Table 2. Activation Energy of Silicone Rubber Composites Filled with Various Ferric Oxides Calculated Using Horowitz-Metzger

Method
Pro Sam, BSR 100 BSR 200 BSR 300 RSR 100 RSR 200 RSR 300 YSR 100 YSR 200 YSR 300
7. (°C) 594.9 578.52 608.4 569.0 578.9 571.42 635.4 342.5 326.4
Slop (10 1.457 1.462 1.296 1.581 1.495 1.505 1.041 0.906 0.782
E,. (kJ/mol) 91.23 87.95 83.74 93.27 90.21 89.17 71.61 28.54 23.37
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Figure 8. Thermal conductivity of silicone rubber composites filled
with various ferric oxides.
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Table 3. Summary of EMI SE and Thermal Conductivity of
Various Ferric Oxides-filled Silicone Composites

EMI SE at EMI SE at Thermal
Sample 8.2 GHz 12.4 GHz conductivity
(dB) (dB) (W/m'K)
BSR 100 -2.79 -3.93 0.224
BSR 200 -5.03 -6.32 0.234
BSR 300 -7.78 -8.44 0.337
RSR 100 -1.84 -3.10 0.501
RSR 200 -1.97 -2.73 0.875
RSR 300 -3.10 -3.35 1.522
YSR 100 -2.12 -3.03 0.418
YSR 200 -2.93 -3.64 0.525
YSR 300 -5.26 -5.26 0.935
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