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Comprehensive Analysis of Broadband Electromagnetic Interference
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ABSTRACT: The rapid advancement of high-frequency communication technologies and the miniaturization of
electronic devices have exacerbated electromagnetic interference (EMI) issues, reducing system reliability and
performance. Conductive thermoplastic composites with low weight and excellent processability have emerged as
promising candidates for next-generation EMI shielding materials. In this study, with a focus on environmental
sustainability, recycled carbon fiber (rCF) was used as a conductive filler and polyamide 6 (PA6) as the matrix to
fabricate rCF/PA6 composites via compression molding. As the rCF content increased from 10 to 30 wt%, electrical
conductivity and EMI shielding effectiveness (SE) improved by approximately 46-fold and 4.9-fold, respectively. At
30 wt% rCEF, the composite achieved a maximum SE of 43 dB in the X-band, far exceeding the commercial standard
of 20 dB. Analysis of the shielding mechanism revealed that both SE, and SE; improved with increasing filler content,
confirming a reflection-dominant shielding mechanism. Further analyses of permittivity, loss tangent, skin depth, and
impedance matching provided comprehensive insight into the electromagnetic shielding mechanism. These results
demonstrate that rCF/PA6 composites offer excellent EMI shielding performance under high-frequency conditions
while maintaining low weight, high reliability, and environmental sustainability, providing promising solutions for
future mobility applications.
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Fig. 1. (a) Schematic of the fabrication process of rCF/PA6 composite. (b) photographic images, (c) FE-SEM cross-sectional images and
(d) TGA thermograms of rCF/PA6 composites as a function of rCF content
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Fig. 2. (a) Electrical conductivity, (b) EMI SE, and (c) average EMI SE in the X-band of rCF/PA6 composites as a function of rCF content
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