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ABSTRACT: The electrolytic plating of a metallic nickel on carbon fiber surfaces was carried
out to improve mechanical interfacial properties of carbon fiber/epoxy resin composites. The
surface characteristics of carbon fibers and the mechanical interfacial properties of final com-
posites were characterized by X-ray photoelectron spectroscopy (XPS) and interlaminar shear
strength (ILSS). respectively. It was found that the electrolytic Ni-plating conditions signifi-
cantly affected the degree of adhesion at interfaces between carbon fibers and epoxy resin
matrix in a composite system. Especiallv. the increase of O,,/C,, ratio, production of NiO
groups. and formation of metallic nickel on the nickel-plated carbon fiber surfaces led to an
increase of the ILSS of the composites. Also, the ILSS of the composites was greatly correlat-
ed with the O, 'C,, ratio of the carbon fibers treated in this work.
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Figure 1. Chemical structures of DGEBA and
DDM.

Table 1. Composition and Operating Conditions of
Watts Bath

NiSQ, - 6H,0 280 ¢g/L
composition  NiCl, - 6H,0 40g/L
H,BO,4 30g/L
pH 45-5.0
conditions  temperature (C) 40-50
current density ( A-m™?) 0-60
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Figure 2. Ni quantification of the electrolytic Ni-plat-
ed carbon fibers measured by AAS.
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Figure 3. XPS spectra of the Ni-plated carbon fibers
with current density. (a) 0 A-m™% (b) 5A-m™% (c)
10A-m%(d)30A-m™> (e) 60 A-m™2

Table 2. Chemical Composition of Electrolytic
Ni-plated Carbon Fibers

current density

(Amy O Cis(%) Ny (%) 01/Cys
0 258 688 08 0375
5 254 644 08 0394
10 280 6238 08 0446
30 268 633 08 0423
60 239 630 08 0379
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Figure 4. High resolution C,, XPS spectra of the Ni-
plated carbon fibers with current density. (a) 0 A-m™%
B 5A m%(c) I0A-m%(d)30A-m™> (e) 60 A-m™?
(1) carbidic carbon; (2) C-C; (3) C-H; (4) C-O; (5)
COOH; (6) CO52
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Figure 6. Evolution of the ILSS as a function of the
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Figure 7. Dependence of the ILSS on the O,,/Cy,
ratio of Ni-plated carbon fibers.
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