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ABSTRACT: The electroless plating of a metallic nickel on PAN-based carbon fiber surfaces
was carried out to improve mechanical interfacial properties of the carbon fiber/epoxy resin
composites which were unidirectionally fabricated by a prepregging method. In this work, the
influence of Ni-P alloy concentration showing brittle-to-ductile transition was investigated on
interlaminar shear strength (ILSS) and impact strength of the composites. The surface prop-
erties of carbon fibers were also measured by X-ray photoelectron spectroscopy (XPS). As the
result, the O, /C,, ratic or Ni and P amounts were increased with increasing electroless nickel
plating time but the ILLSS were not significantly improved. However, the impact properties
was significantly improved in the presence of Ni-P alloy in the carbon fiber surface, resulting
in an increase of the ductility of the composites.

Keywords: carbon fibers, epoxy resin, electroless Ni-plating, interlaminar shear strength, im-
pact strength, ductility.
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Figure 1. Chenical structures of DGEBA and DDM.
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Sn/Pd ' Activation
b

Sn/Pd catalytic nuclei
Metal deposition catalysed by the Sn/Pd nuclei
Figure 2. Schematic diagram of the electroless Ni-

plating processes involved in the activation and metal
deposition.

Table 1. Composition and Operating Conditions of
an Electroless Ni-Plating Bath

composition NiCl,-6H,0 280g/L
NiSO,-6H,0 40g/L
NayCeH 07 L5H,0 15g/L
NaHgPOZ' ZHZO 100 g/L
NH,CI 100g/L
PbNO, 30g/L

conditions pH £25
temperature (C) 90+1
plating time (min) 5-20
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Figure 3. Curing conditions of laminated prepregs in
a hot press.
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Figure 4. Ni quantification of the electroless Ni-plat-
ed carbon fibers measured by AAS.
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Figure 5. XPS spectra of the Ni-plated carbon fibers
with plating time. (a) 0, (b) 5, (¢) 10, (d) 15, and (e)
20 min.

Table 2. Elemental Compositions and 0;,/Cj;
Ratio of Electroless Ni-Plated Carbon Fibers

plating time elemental compositions elemental ratio

(min)  04(%) Ci5(%) Ny(%) 015/Cys
0 258 688 0.8 0.375
5 268 701 0.8 0.383
10 344 614 0.8 0.560
15 222 759 0.8 0.300
20 281  69.0 0.8 0.407
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Figure 6. Variation of the ILSS as a function of
electroless Ni-plating time.
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Figure 7. Load-displacement curves of the electro-
less Ni-plated carbon fiber/epoxy composites.
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Figure 8. Variation of the impact strength as a func-
tion of electroless Ni-plating time.
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