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Study on the Magnetic Shield Effect of Carbon-based Materials at Extremely
Low Frequency
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Abstract

To examine the magnetic shielding effect for carbon-based materials at extremely low frequencies (60 Hz), two types of carbon
black (Super-P and Denka Black) and a natural graphite (HC-198) were mixed into organic binder at 10 wt.% to produce a coating
solution, and a powder coating with varying thickness was applied on an aluminum disk measuring 88 mm in radius. A device was
developed to measure the sheielding effect at extremely low frequencies. A closed circuit was achieved by connecting a transformer
and a resistor. The applied voltage was fixed at 65 V, and the magnetic field was measured to being the range of 4.95~5.10 mG.
Depending on the thickness of the coating layer, the magnetic field showed a decreasing trend. The maximum decrease in the
magnetic field of 38.3% was measured when natural graphite was coated with specimens averaging 455 um. This study confirmed
that carbon-based materials enable magnetic shielding at extremely low frequencies, and that the magnetic shielding effect can be

enhanced by varying the coating thickness.
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Table 1. Information of raw materials
Raw . 3 Particle
Materials Manufacturers | Density(g/cm®) Size(um)
Super-P Timcal(Swiss) 0.16 0.040
DENKI
Denka KAGAKU
Black KOGYO 0.25 0.035
K.K.(Japan)
HC-19g | Hyundai Coma 1.73 25.0
(Korea)
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Fig. 3. Apparatus for magnetic field measurement
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Table 2.  Average thickness and density values of the coating

layers
Sampl_es/ tﬁ'\::ir?(g:s St. D_eviation 'g\g;?;
Notation of thickness 3
(Hm) (g/cm”)
S1 143 19.4 0.28
Super-P | S2 165 50.5 0.44
S3 343 109.6 0.35
Denka D1 130 7.0 0.49
Black D2 254 43.4 0.32
D3 599 12.8 0.31
H1 180 13.4 0.66
HC-198 | H2 244 12.3 0.93
H3 455 42.8 0.91
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Fig. 5. Surface morphologes of the coated surfaces using SEM (X100)
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Table 3.  Summary of the magnetic field shield effectiveness

Ave. Rate of
Samples / Notation / Magnetic Decrease St.
Thickness(um) Field %) Deviation
(mG)
None | O 5.025 0.0 0.106
Super- S1 143 4.495 10.5 0.050
P S2 165 4.480 10.8 0.057
S3 343 4,175 16.9 0.120
None | O 5.025 0.0 0.106
Denka | D1 | 130 4.380 12.8 0.085
Black D2 | 254 4.195 16.5 0.035
D3 | 597 4.120 18.0 0.071
None | O 5.025 0.0 0.106
HC- H1 | 180 4.070 19.0 0.170
198 H2 | 244 3.950 214 0.099
H3 | 455 3.100 38.3 0.057
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