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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& # AFEe]l AW k!t o) wAaAR s
[

%
74 el AR A3 B3R FERP)E] A7 Tl o ojd#q Rew & g
A Erk ohdel, Sl A ofm] ARdk e B4 AL T A, A9 i rlest B A

Zeosl CRRPE 2%, P, 24 UFEA,
3 459 B on YRy SO 54 F2 AT Fokdl A

o

97 9lek> CrRPS] o]

Mr oo |y

ZoiM, A278 A 1%, 20039, pp 52-60



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

ofsh Welsl, 71o), 7, TElw A} A S e
4 Belol x ABEe) Fom, Avas A
el $8HE 5 258 W g A oloh
oleiat CFRPS % 7AA AL Af} WEY
A4S 25 240 HESAY, 15 T 29 A
543 deiME A FFE wevin LA 3

“/P.” wpebs gt e A ] 5o
g Alole wlg F83HH, olE sl wWAls WEH
25 NAsAY, daide] 2HAsE WAL 9
o ke frel EWAT wgost 4Rk, 4
28, Faksl, 29 Eehze) AP Sol dhEAe)s,
olelst muiAlele) 24 BAL wHo) TeE 52 A
AshaL, wiEZ e} A3 S PATIE A7 (carboxyl,
carbonyl, hydroxyl) & Z7}x]7|&=d] glc} !t

g gl ERAY olsols A2 24 dute
a6 B9 447 =3 wpgel AFHelAx
SIek s E Aol As) £, 2 £2, 1eln
A 27 Fol cEAel, olei 34 EEA L
Saies 2R EDA 9 BeAE S7H)
o, H3A0% Rt A4 248 SR 3
2% A% Bon LA ekt AT 24 =
CFRP7} 71AH B4 £ 53] 24 54 P4l
& WA Aew wudy A, %
AeGE B4 mael W 37 B4 it ave
o] A elx] Eb A oleh s

Wehd, 2 Aol Badsol A 9 2
AEZE AAsle] o)1) A2 mjEze s o
W CFRPE AZs)e], Eol WE Bads)
W EAg ARG, 3 27ke) CRRPo) iR T
547 $74 54 Aele) ArdAs Eets

ON

El>

t
Bk e T

2. A¥

AME. £ A7olA ALE BaARE "EaE)
EAR gl Alo]A A7} =2 9k 12 K AAHFE
TAE PANAl ghAlH-9l TZ-3070)ch mjlegd A A}
£3 oA EFA] FA = FE23EHF)Y 2354 oFA] &
2] 227 ]l diglycidyl ether of bisphenol-A (DGBEA)A| YD-
128 (e.ew. : 184~190 geq’', A=: 11500~ 13500 cps)
ARgslgl o, ik AgAle A7) ALY AlEQl 440-
diaminodiphenylmethane (DDM)s AR8-3}5it}. YD-1289)
IHEE PFE7] 3] methylethylketone (MEK)S 3]4
A2 ARG & Aol AMEE wEZA W A3}
Aje] zhsHA %’—ZL Figure 1] Yepuglct

UAsH, BA45E 10 wi% HNO, O 2 308 <)

Z2|H, A27d8 A1E, 20034

Impact Behaviors of Epoxy Matrix Composites 53

a ou), 277 oMELZ 247 £} AlHs}
o EHe] 2EEL Asialel gaigel As UA
= '—'1‘_‘}_(0.72 mmin )& ©°]Fo] Ho
ZJ]%]] 1::1_9_.219 o].&%}.cﬂr/}_ El:ﬂ
¥ 0,5, 10,30, 2181 60 Am 2 AH2|stFc} A
UAEFL 14 2 9AZ SoPd F0iE AMEsle] &
245 EHd B44E wHElen, 1 F Table 19
Al =adelA =5 A7+ 0,510, 15, 1

2o 747 £3e Adstel T =39
Els el 9 A YAed Aela
45] AzAA Agsisle
el ol =% YA oF2 atomic absorption spec-
trophotometry (AAS) S A3l ¥-443}ct

AlFA|z. AW CFRPE mEE 2o A3lA|o]
S 1R EFste] 70 TolA =o|x, MEKE oﬂ%
A gAsh FoAH 512 Wrlsked HAAZ o) o
Al Ao g WzkAzl & A Z xedt ekiaAdes}
%7 filament windingS %5]-@] Bl AAl G0 AdWlsF =
=g 2E AxsAct o|FA A=sk ﬁa]ﬁgﬂl
22 plies® L3HA| HE3} vacuum bag molding
<% o] $3l4 Figure 20 Yepd A3} Eil@ii
150 CollA 7.4 MPa®] ¢} o= 1508 £+ A3AA
CFRPE A|x3}glct. o]} A|=3k CFRPE] A AA

1

EE rle

CHa CH3
ol OO 2 e O T ot

DGEBA

s
HoN C NH,
DDM

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 NiSO46H,0 280 gL NiCly-6H,0 280 g/L
NiCL-6H,0 40 g/L NisO,-6H,0 40 gL

H;BO; 30gL  NayCHsO-1.5H.0 15gL

NaH,PO, 100 g/L

NH,CI 100 g/L

PbNO; 30 gL

conditions pH 4.5-5.0 pH 725
temperature(C)  40-50 temperature (C) 9011

current density(A-m”)  0-60 plating time (min) 5-20

SaME A% BN A BYARY 37

S

4 53

ofj



54 Parketal

Bl = <k 50% (£2%)°] At
54, Baige) s el ue vlaTa 4
31E- #23b7] 93l wide angle x-ray diffraction (XRD)S
ARR3ELA T source® CuK , S ]88} Rigaku Model D/
MAX-TI B 2AAR]E o] &3}l ZA )9t etaAS
E9) £2AY] e Badse 2549 B3
K-100 processor Tensiometer (Kriiss Gmbh. Co.)S ©|-&3}
o) Z7elglom, 7171s) ofekHel Pt Figure 3ol U
Ehick
54 54 A¥. Alxg CFRP| 37 542 ASTM
D256< W} Izod 2 A8 7] (Tinus-Olsen Co.)E ©]&
stel EAslgict. AlRe 21 ¥
7o) 70 mmE nAQsF L, 7+ *E =3 570 ARt

P

REe Asiglen, A ¥, $ADUL SEML
= pasel 32 Aol WANE 29 st PE
)9l

140

1201

100

(edJA) 2Inssa1g

Temperature ( 'C)
g 8

iy
o
1

N
o
o

0 60 120 180 240 300

Time (min)

Figure 2. Curing condition of laminated prepregs in a hot
press.
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Figure 5. X-ray diffraction patterns of Ni-plated carbon
fibers. (a) electrolytical and (b) electroless.

A7) A, L= BAA 27} (nm), K= Scherrer Al
(=0.9), A= X-A ZAF (CuKo=0.154 nm) = Bragg angle
< Aulste g (002) FAAAA FL vpeiic

A2 A =aE YA glA _:_L7]“ oF 25 nm
Rat, Wb A e YAle] Ak Arle Hd 150
nm@ek w3 T JAEF A s NP 3
o A7) oF 450 nmE #EF G dadf FH
=39 YA Q1A 2719 Aol BrAGALA o
slEgzste] Rgae] 2GS wAE o v
F3 glom 't ke wigtoi] A JATZE A
2 A97 FAS YAsFe] Aenn pe wulx)
fold Al e depd ez Az

e, TACIA 2 g AR 54 Az ok

B,

Sads A% AFA 52 BYARY 4 54 55



56 Parketal

24 Aelol AL B4 k) ABHoR, oIF E
Aagolda) £ Tplakgoldxlz Beldel’ ol
& Aol e PR ERAGoIA ) B
Aol 7149 4 gem, 249 EUARFAIAE 5
Asled o] £5= v Jled] AE7 AL o
o 24 Fol dolu= 1Al T2, BE, 2 W 4
A 5 A% Veehl Bk RE%te FE ALAE
Sgeleo] olg5s, ojeiat AeAe o83t AR
o BdAGelIA B 4k Q7)E EE A4, a4
5 < 34 5 Yok Wicking WP AH

o AE}E ERSE Yooz, FAHY PEe 3
A 245 Ul A B Soled 43k Al
o8 452 AR 449 P9 5% 3
AN e A

m
s
I

[+

Ak Appolct.
sta, WAL FAG U A5E EAE 9 oplE:
78°]"]' ol o) weA @ik el dgel A

Ar: dA3 AL Eisls HAe 5L
lammar flowel™, F&o] 23 Ggke TAFhc} ol
o}2f2] Washbum 2lo] A-gxlc}

m? c-p?-y -cosd

t ; (©)

AZ1ANA me e AL FA, p=
3] ¢ & packing factoro] T}

Wicking el @} UALZHG Saife] 3
A& HAste, 1 AFE Figure 69 YERASIEL (2)
oA JYAEFANY Saife] EARFAEA
BAgelh BT T 2k E AU
Z71842 Z=71ES Holti) = AFU A=
AAS 2T WL IFE 88 (0T Tl 2
aogh o) AdeyE A AEFE Srdso)
34 sae) Wz 2 TS AT A 2 5
Sglom, of 10 AmellA H3 e Uehhleh b
2 UARFALNG waife] ARges, F
s Radfel 34 84 @) £2A) Sk
o oo AR S S 108 A
S, W15 82 gHE A9 B dge. ol
0 $09 JAeg A0 Ao AT S
2Al%e) FAne Wikl FFE = Aol 5
gich B, 23] e AnE olweE of A
YAEFAL Sadse B34 822 Bl o
2 9% vAE Ao BEon, TAAGA
A Eg A JAEFe] FA UAEFEct 2

AAls) A=

]

i rr—{

d

¢

56 2A 5

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

75

2 604
& £
E s
= A \4
g 45 \
B . \L
5 A
E 304
g
< 154 " s
A s
0 T T T
0 15 30 45 60

Current density (A.m”)

(a)
75

451 .

L
YS

304

Surface free energy (mJ.m™)

0 T T T
0 5 10 15 20

Time (min)

(b

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,(%) Cy(%) Ny (%) 0,/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 26.8 633 0.8 0.423
60 23.9 63.0 0.8 0.379
electroless Ni-plating
plating time (min) 0, (%) Ci(%) N (%) 0/C
0 25.8 688 0.8 0.375
5 26.8 70.1 0.8 0.383
10 344 61.4 0.8 0.560
15 222 75.9 0.8 0.300
20 28.1 69.0 . 0.8 0.407
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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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