52

Polymer (Korea), Vol. 27, No. 1, pp 52-60 (2003)

S shet A Y
(20024 9€ 23

Impact Behaviors of Ni-plated Carbon Fibers-
reinforced Epoxy Matrix Composites

Soo-Jin ParkT, Byung-Joo Kim, and John M. Rhee *
Advanced Materials Division, Korea Research Institute of Chemical Technology,
P.O. Box 107, Yusong, Taejon 305-600, Korea
*Department of Polymer Science and Technology, Chonbuk National University,
Jeonju, Chonbuk 561-756, Korea
te-mail : psjin@krict.re.kr
(Received September 23, 2002, accepted November 12, 2002)

A2 2 AT BRAS 49 B4 $A BRARS) $4 54 FHE 93 SaAEe] %)
W FAs) JAEFAE shgom, ol zizke YARel wE $4 54% vlw adsg =
29 whaglfe] B9 54 XRD, SEM, 28l 457 S4S Eel BReley, whalg 23} B3
AR $4 EHS 12odBo] FAABINE olgste] sk ARAL FAN UAEFFAE A
ek 9ol Nep dhel E Jlel XRDE §ok] Selsision, A YAETE Godi)
sAs) VAEFE Zuvh B Ast = Ro] A5 54 Fo) s gleh wE, FAs |
e s 25 NEA S SRS SA%) oA SRk, A% UAES %
ARE) AEE FAE SA1SA ik el Ast A%e) w3vlo] WE Fe el At o
SA% A BYAR A4S WA FAGE Sl Fashl 4§59 HEo R AR

ABSTRACT : In this work, two types of Ni-plating, namely electrolytical and electroless Ni-platings on
carbon fiber surfaces, were carried out to enhance the impact resistance of composites. And the comparison
between electrolytical and electroless methods on their impact properties of composite system was studied.
The surface properties of carbon fibers were characterized using XRD, SEM, and contact angle mea-
surements. The impact behaviors were investigated using an Izod type impact tester. As experimental
results, it was observed that electrolessly plated Ni layers had Ni-P alloys on carbon fiber surfaces as
revealed by XRD, and electrolytically Ni-plated carbon fibers showed higher surface free energies than
those of the electrolessly Ni-plated carbon fibers. In particular, the impact strengths of electrolessly Ni-
plated carbon fibers-reinforced plastics were strongly increased. These results were probably due to the
difference of wettabilities according to the different types of Ni-plating methods.

Keywords : electroless and electrolytic Ni-plating, carbon fibers-reinfroced plastics, impact strength.

1. A& I Aol AR Gk o)F AR
BHAE (CFRP)E A%, A%, 245, Wk

2EV IR 22 g3 54 AR HE gu WA 59 5AS F2 878 Hofe
4wl A A3 SEAE ERP)E] A= TElel o o)Al Zlew d¥A 9lek CFRPE| o)
A ok, Sl o] et e A AL 93 4k, A dnk Jled Bl A

Z2|H, A27A A13E, 20039, pp 52-60

¥

. o
R

¢

M ofo |1 ot

any



Polymer (Korea), Vol. 27, No. 1, 2003

ofs} wleed, 7]},

% woplA &

A, 2183 AsAk FA4 T e
T= *F&ﬂﬂ ow, FTo= A
LA o] e}

A wEE
b3 7ke] A

2 Zyzke] 1§ %‘é °ﬂ 5‘4~°rﬂ X] . P—E

H EA JiME a4 9GS vk dHA g
o} webA] B2} mEGA A 7ke] e
g Alele w83, olF 8 wAls mEE

25 ALAY, BaAlfe T} AL o
b0 EaAdfe] mHAE WHoRE 7144 s}, Ak
5], YIS, T2l el A e el
o] D 5AL B EvE 53
Astar, wjEZ 20} A3S FAA7IE W57 (carboxyl,
carbonyl, hydroxyl)Z 57}A]7]=d] k!
gagre] 2hAe oldoe X2 55 s ©

B FAA7Ie =5 el °4:rL54°17<]J—
ACEE =g Al A =5, FAH =, 182
A =5 Sl "EAelH, o3 F& EaAEES
Aot 2 EA e A 2k A4S S
W, FAFHoR tft 7AA =4S ST
L

24

& s slow wmdn A% S
Aelde 34 w2l we F
obg AAAeIA FF A4 014” »

ujebd, £ Qe A shaddfel A 2 FAs Y
Args AN olFA] A5 WEHAR s 45

W CFRRPE AlEshe], Eel me whaaldel
W EA4E 2Aslgc) w3 2] CRRPel) o mw
247 37 54 Aole) Az R

2. A3

AW, B AT AR B )
w9 Aol Aelsk 1A e 12 K M%
TA4= PANA B-2AH-el TZ-3070]c}. wiE
88 B FAE FEFHE)) 2954 °ﬂ
2] 2™ 2l diglycidyl ether of bisphenol-A (DGBEA)A] YD
128 (e.e.w. : 184~190 geq’, HE: 11500~13500 cps)=
ARgskglon, w3, AstAls A7) AR AlE] 44
diaminodiphenylmethane (DDM)= AF&-3}$it). YD-1282]
TAEE YFE7] Y3 methylethylketone (MEK)S 3] 4
A= Agsigeh ¥ el Agm veds w A
A S P Fige 19] RIS

YAEF, @248E 10 wi% HNO; 22 303 <k

iz

LHU

.11+1 l>

1

Eg|H, A274d Al1Z, 20034

Impact Behaviors of Epoxy Matrix Composites 33

AR slglon, SHE oMAELR 247 Fk AF3E}
=eEe AZsIeh gaARe As) YA

é“.—c 072 mmin)E o]Fe] Fon
A A3l =5&L" o] &yt AR

E+£0,5, 10, 30, 283 60 Am”E A3t FA3)

yAle 22 12 £F AR Sp/Pd SIS A}i’ht‘f}ﬂ 158

245 EHe FAAHS WHEglen, I F Table 19
A=)

= A7 0,5, 10, 15, 2

= AAjste] FA =g
Flskgich Asl W FAM UA=F A"
452 AxAAA B8 A=A Agsisio
B fo] =53 YAL] kS atomic absorption spec-
trophotometry (AAS)E AH&-8to] E-A 85It}

ABAZ, 5 CRRPE =225t Ashile] o
FE LIE E33te] 70 CollA Fo]i, MEKE ol%
Al A9} FAE] 512 H7)ste] 3 AAZTE o] t)
Al Aeog YA F, YARs A3 DAt
M| filament windings 53} AAGe] dulsk =
=z as Azt o]FA A Z=Has
22 plies® U3 &53F¢] vacuum bag molding 4
£ ©o]43}4 Figure 20 Yepd A3} Z=zae =
150 CollA 7.4 MPa?] ¢t o 2 1508 E<F A3tA|A
CFRPE A|=s}iel. ojd] A|=3F CFRPS] A+ A4

CH3
et OO OF Ot

DGEBA

Hp
HoN c NH,

Figure 1. Chemical structures of DGEBA and DDM.

Table 1. Composition and Operating Conditions of
Ni-plating Baths

electrolytical Ni-plating electroless Ni-plating

composition NiSO,6H,0 280 g/L NiCl,-6H,0 280 g/L
NiCl,-6H,0 40 g/L NiSO,-6H,0 40 g/L

H;BO; 30g/L  NaCH;071.5H,0 15¢gL

NaH,PO, 100 g/L

NH,Cl1 100 g/L

PbNO; 30 g/L

conditions pH 4.5-5.0 pH 7.25

temperature(C)  40-50
current density(A-m?)  0-60

temperature (C) 9041
plating time (min) 5-20
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Figure 2. Curing condition of laminated prepregs in a hot
press.
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Figure 4. Ni quantification of the Ni-plated carbon fibers
measured by AAS. (a) electrolytical and (b) electroless.
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Figure 5. X-ray diffraction patterns of Ni-plated carbon
fibers. (a) electrolytical and (b) electroless.
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Figure 6. Variation of the surface free energy and their
components of carbon fibers. (a) electrolytical and (b) elec-
troless.
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Figure 7. SEM images of Ni-plated carbon fiber surfaces. (a)
as-received, (b) electrolytical, and (c) electroless.
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Table 2. Chemical Composition of Ni-plated Carbon
Fibers

electrolytical Ni-plating

current density(A'm?)  0,,(%) C;,(%) N (%) 0O, /Cy,
0 25.8 68.8 0.8 0.375
5 254 64.4 0.8 0.394
10 28.0 62.8 0.8 0.446
30 26.8 63.3 0.8 0.423
60 23.9 63.0 0.8 0.379
electroless Ni-plating
plating time (min) 0 (%) Ci(%) Ni(%) 0Oy /Cy
0 25.8 68.8 0.8 0.375
5 26.8 70.1 0.8 0.383
10 34.4 61.4 0.8 0.560
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Figure 8. Variation of the impact strengths as a function of
electrolytical and electroless methods.
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Figure 9. Load-deformation curves of the Ni-plated carbon
fibers-reinforced epoxy matrix composites. (a) electrolytical
and (b) electroless.
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as-received, (b) electrolytical, and (¢) electroless.
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Figure 11. Crack propagation at the interfacial of Ni-plated
carbon fibers-reinforced epoxy matrix composites. (a) elec-
trolytical and (b) electroless.
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