Polymer(Korea) Vol. 25, No. 2, pp 218-225 (2001)

F4PY UAE T A & g2df 2 2 FPAE
7\AA AE 54

WA ARA - olig
st s HEAAATN
(200003 1249 22¢ HS)

Studies of Electroless Ni-plating on Surface Properties of Carbon Fibers and
Mechanical Interfacial Properties of Composites

Soo-Jin Park', Yu-Sin Jang, and Jae-Rock Lee
Advanced Materials Division, Korea Research Institute of Chemical Technology
P.O. Box 107, Yusong, Taejon 305-600, Korea
Yo-mail . psjin@pado.krict.re.kr
(Received December 22, 2000)

2 o BgA e 74N AW B4 S Al dadfo T JARE FRN2E
sgen, guxeE PANA B2A448 dEAFA §34H4 ZeZdagez IUg w@a
He/NENFA Bgie g Az B dPdAe FAs JARges #7188 HA4-94
Ho] AL 7IE Ni-P 8¢ %ol we B89 F7894% (JLSS)e A% =] Ao
E AN 8, @444 39 B4 HHE X-ray photoelectron spectroscopy (XPS) &
2339k 2 2, 2A8 UAEFTE @244 ER9 0,/C ¢ EE YA (N)FH A (P)e]
z7tg ot ILSSe| #adols & dae vxA Zae R ¢4 AUk 2, FEH vl
EE02 gAaMs U9 £9¥ Ni-P §8¢ Efdse d4d we 33A=E FdA7le A
& #A¥ = AU

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, ratio or Ni and P amounts were increased with increasing electroless nickel
plating time but the ILSS 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-
bact strength, ductility.
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Figure 1. Chemical structures of DGEBA and DDM.
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Pigure 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 NiCly-6H,0 280¢g/L
N33C5H507' 15H20 15 E/L
NaH,P0,-2H,0 100 g/L
NHCI 100g/L
PbNO, 30g/L
conditions pH 8.25
temperature (C) 901
plating time (min) 5-20

i1, MEKE ol &Alfxiel A1 1:12 Hrisled
A AT ol Aoz YAANA, dadFe #
# filament winding€ ¥3ld ©4449 4%9%
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Figure 3. Curing conditions of laminated prepregs in
a hot press.

um bag molding #'¥&'° o] 88t Figure 39 4}
Ehd 73 zza@os 150 ColM 7.4 MPael ¢
oz 1508 < AsMA ERAEE AZHY
t} o] if A= BB HF AHuie= o 50%
(£2%) °lh

BEHRYM JUAZFE B4R ZHE XPS
(LAB MK-II; VG Scientific Co.)& o]g8lo &
Agde}t, XPS ZAd ALg-d X-ray sourcer Mg
Kag Al8-3190m, chamber ¢ ¢48& 104~
10°% torr2 ZH3Mg T}

ZIAIE AHEN AH. AzE E§A89] HFH
ARELE Wd ZTAY (three-point  bending
test) 0 R HE A& ¢ U= ILSS A& 3l 1
#590h. ILSSe) 24& Instron #1125 A 8718
AHE-E19 e8] ASTM D23444] &8 span-to-depth
ratio 4 : 1, cross-head speed 2 mm-min'¢] &%
2 2A%uch 23725E Izod impact tester
(Tinus-Olsen Co.)& AME-8l9iem ASTM D256
d &3l &43grh

Ao % 0@

BH# BT, Figure 4+ SnCl, 9 PdCLE
ol g3l #dE BAMRE NaH,PO & 8414
2 de 2FEAAM B339 i =d8 WA
& Yehd 2ol NaHPO,& 842 ks F4
3 YAz 92 F 7R g, F Abs-8d
wHgo] FAle gojvke Aoz dEA A 2 A

#elol #1253 A2 20014 349

Ni/Carbon fibers (mg - g 1)
n

0 5 10 15 20 25
Plating time (min)

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,,/C,
Ratio of Electroless Ni-Plated Carbon Fibers

plating time elemental compositions elemental ratio

(mm) Ols(%) Cls(%) N|5(%) Ols/Cls
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
20 281 690 0.8 0.407
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Figure 8. Variation of the ILSS as a function of
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Figure 7. Load-displacement curves of the electro-
less Ni-plated carbon fiber/epoxy composites.
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