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In this work, carbon fibers were electrolessly Ni-plated in order to investigate the effect of metal plating on the electro-
magnetic shielding effectiveness (EMI-SE) of Ni-coated carbon fibers-reinforced epoxy matrix composites. The surfaces of
carbon fibers were characterized by scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). Electric
resistance of the composites was tested using a 4-point-probe electric resistivity tester. The EMI-SE of the composites was
evaluated by means of the reflection and adsorption methods. From the results, it was found that the EMI-SE of the compo-
sites enhanced with increasing Ni plating time and content. In high frequency region, the EMI-SE didn’t show further increas-
ing with high Ni content (Ni-CF 10 min) compared to the Ni-CF 5 min sample. In conclusion, Ni content on the carbon
fibers can be a key factor to determine the EMI-SE of the composites, but there can be an optimized metal content at a

specific electromagnetic frequency region in this system.
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Figure 1. Electroless nickel-loaded processes for carbon fibers.
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Table 1. Compositon and Condition of Ni-loaded Baths

NiCl, * 6H,0 30 g/L
NiSO; - 6H,0 10 g/L
Na;CsHs0- + 1.5H,0 15 gL
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NaH,PO, - 2H,0 100 g/L
NH,CL 100 g/L
PbNO; 25 gL
pH 8.25
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Time (min) 0.5~10
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Figure 2. Schematic diagram of the principles of the capillary rise
method.
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Figure 3. EMI shielding tester.
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(a)

Figure 5. SEM micrographs of (a) as-received, (b) Ni-CF 0.5 min, (c)
Ni-CF 3 min, (d) Ni-CF 5 min, and (e¢) Ni-CF 10 min.
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Figure 6. EDS micrographs of nickel-loaded carbon fibers as a
function of plating time.
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Figure 7. XPS spectra of nickel-loaded carbon fibers as a function of
plating time.

Table 2. Elemental Compositions and O,/C;s Ratio of As-received and
Nickel-loaded Carbon Fibers

Elemental compositions O1/Cis

Cis (%) Ois (%)

Nizy/Cis
Niy, ratio ratio

Time

As-received 75.49 23.49 - 0.311 -
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Figure 8. High resolution Oy spectra of the Ni-loaded carbon fibers;
(a) as-received and (b) Ni-CF 5 min.
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Table 3. Volume Resistivity as to the Nickel-loaded Carbon Fibers

Time Specific resistivity (& - cm)
As-received 0.98 x 107
Ni-CF 0.5 min 049 x 10*
Ni-CF 3 min 0.24 x 10*
Ni-CF 5 min 0.15 x 10™
Ni-CF 10 min 0.12 x 10*
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Table 4. Characteristics of Wetting Liquids Used in This Work

Liquid 7" (mJ/m?) 7.® (ml/m?) 7L (mJ/m?)
Water 21.8 51.5 72.8
Diiodomethane 50.42 0.38 50.8
Ethyleneglycol 31.0 16.7 47.7
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