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Effect of Anodized Carbon Fiber Surfaces on Mechanical Interfacial Properties of Carbon
Fibers-reinforced Composites

Soo-Jin Park”, Jin-Suk Oh‘, and Jac-Rock Lee’

ABSTRACT

In this work, the effect of anodic oxidation on surface characteristics of high strength PAN-based carbon
fibers was investigated in mechanical interfacial properties of composites. The surface properties of the carbon
fibers were determined by acid-base values, scanning electron microscopy (SEM), X-ray photoelectron
spectroscopy (XPS), and contact angles. And their mechanical interfacial properties of the composites were
studied in interlaminar shear strength (ILSS) and critical stress intensity factor (Kic). As a result, the acidity or
the 0,/Cis ratio of carbon fiber surfaces was increased, due to the development of the oxygen functional
groups. Consequently, the anodic oxidation led to an increase in surface free energy of the carbon fibers,
mainly due to the increase of its specific (or polar) component. The mechanical interfacial properties of the
composites, including ILSS and Kic, had been improved in the anodic oxidation on fibers. These results were
explained that good wetting played an important role in improving the degree of adhesion at interfaces between
fibers and epoxy resin matrix.

= 5
® ATAAE FIUAS A2l BE TPE PANA AR HW 54 W87} AAF AR 240 nAE 9%
¢ ZABUC BaHFY ERNALS HYVIE, SEM, XPS, 193 §57 54¢ Faiel dougron], By
AR AR F4L LSS Ke® B8l nRAAT B2YF BB BES 007t FTHHAEH, o BaBsT)
o gl F9lsta, FIAY SaURe] ERAARFAUAY FAe FHare Foh JAsts oz ArEn
ILSSSh Kie 2€ 7144 AY 43e F30%2 Fysioinsy, e Ane & 240l 3 2= A%

g oEA 57 HEa Aol

ARAYEL 771 Fa8 98¢ o] fEoR Amdch

1. A & 2 AZNAEAY, e dARE, Be dRFASs 2 H] ‘*E
S MY EHEA B9 S5 B4S dehis P9
gadf 25 5RAsE FF3AA gd2ERY $5E ARt
249 WGY, DL FE A, WEFAY, NFE ol daMd PF TWARE 196049 TRy F
48 Sy 2R 59 542 /AT 98 B o] 2 o4 $ExFBEok] YdTRAEE AT A

AT A AR, BAAHA(E-mail:psjin@krict.re kr)
* A3 ETY FEagd TS



EISH 5 6 B 2002, 12 gaidfrel Gt Badf 2 SFAR AR AW S vAe 9 17
o] AZHo] FF74 BHola iz oj9oT AA 2  TZ-3072 (tensile strength: 3.53 GPa, tensile modulus: 245
A9 w=Zoly mjAldY =ZFZ, 71 AAY LFPE GPa, CPE: -0.1x10% AR sizingx T E 3R @&
Mo dag 728 5 $F ﬁc}%— 19] 24248 4438 5 Ag FEIY AMEEGE, dEH22 ALSE A EA &
o] Z+4S W 9L MWul ol B Bopo] &2 4 A= IFEEE  diglycidyl ether of bisphenol A
A A} & ugteigdo]l Holuh AFAHF BToly <l (DGEBA)A] ol#TA AFA] FAd F=5ee] YD-128
W F3 22 AAAse BHY A9 n2RY, 12§ (EEW=185~190g/q, HE=12000cps, d=1.16g/em’)S A&
EC 9 A= AEE HLFopt FuiFn vH3 4] stlen, A&AlE 471AFe diamino diphenyl menthane
olgigt mEA HFgAES HF 7AH 242 dwy  (ODME AL, 2 B389 @ FRE Fig 1 o
o2 ZgA%} EDL(marigFAY F1F B4 Uehd BRIt £X9 uPEE 3R] fd F4A=
o= E23A o 93 MB’E] At AA Hgol| QlojAE  methylethyl ketone (MEK)E AM&311ch WRAL AFAF)
olglgt EFRATtoZE FEETI B F gtk 2 ol 7] Hal £ Al2"dA AgE d3TA SiOE Haiddt
= 9FAA A E FEAURAY $8, WY So] WlE A7 68 mBECt FA freezer/mill (Spexcertiprep Co., Spex
glzolx ZEgE Heold w AspA B fEZx 479 6700y o&3d Bt AMEETh
IFELBRTE 3F Alolo] AREA o3t JF B4
ol A L7 wigolth T T AgA T vlE 22 UIME U FHEM
> 23z} 8 1] o] 73k Z 3 27 9=
A \i;}oq,;iae—ﬁtﬁz;a;er% san dge o5 & STV 9TUEE Ta2, Az, a=e Ty
a7 wRe rzxE AGHE FeluAhe 1 B g 95 dsgAE o] &35tk °c}§f-“_} 502 %‘ﬂ?
2 ® Ao Axo] =AA GFe W] wEojrHs.9]. o —1’—.03__%% AL-§-5hed ‘_?li*éw"r% dAT £= (1 m~min‘3
B3N ARNE MAS WS A ZEg AH z loj— T G C};—j"%;‘f, 10 wt%®] H;PO,5-8-2
=2

dS MNAde PHH3,7.8) EHE £48 ARse B
o dAM A
EHY NAE B

HOoEN10] Vg 4 Aed, 24 o
723 EfA oA AWAde ZIEH

o] Agsta ek

q

2
I

BAM{e EUxge AR, SAAREL whisk-
erization, pyrolitic coating, polymer grafting 5 THYE Y
€0l Bo] drHolA $oi5,11-13]. Efﬂ AFPEL A4
EW A3 & AA AU, FgolE Fo 9% EH A

< $7

o B

A FAEE S/ E83FHA “‘%‘j" 2 HE
Al713, A& Fdo] #%57]9 hydroxyl, carbonyl, carboxyl
Y BEVEES FHNFoEN mEYH2E £R9 ASA
e 58y 289 van der Waals ¥ F42Z2%¢S f =
st PlE= 2ot AW AYHS FHANGT SHA
THS,6].

oft

of
o

o

|

i

et B dFoAM e ZatAz g AlgEHm e @
2GS AV FH oz TuADEsn, WA A= 9
%H A3l g3 FAE 5eE E‘ﬂﬂa T ARG A

43 BAse A BEA 9 a2 AWl disto
Oﬂ?o}‘ﬁﬁ}.

2. A ¢

21 A=

E Ao ZaAda A4d gaAdd4s W @uNg
Aol A AAdE 12K 954882 749 PANAl @245

TE=0,2 4,8, 16 A'm>
A EEAZE B8 RE
2 2AzHEeE AFEe B

R “47"5}7] &t
& *}X4Z} ‘317:‘ (scanning electron microscope; JEOL. Co.,
ISM 840A)& AH&stgier, FAddg #He B57 2 =
A W3lE XPS (ESCA LAB MK-II; VG Scientific Co)Z
ol g35la] EAMEHTE XPS £A4o] AMEE X-ray source™
MgK. & AF&319.20), chambertie] €82 105107 torrE
ZA-sth

CHy OH CHy
H He | Hy | H | Hy H
H,CC—! c 0—G=CH-Cto— c O—C—C=CH;
he1 [ [ o
CHy n CHy

Difunctional epoxy (2EP, YD-128)

Hz
LN c NH,

4.4’-diaminodiphenylene-methane (DDM)

Fig. 1 Chemical structures of 2EP and DDM.

H X ol L X
etAdF9l BEFZL2 K-12 processor tensiometer (Kruss
Co)E A3t wicking o g SAY o, 493X

o9 AFEE Fig 29 ARG 4fel BEAS 548



18 ar=2. 9 A A0

T e

1402

BRI A M B EE

Wz gel 2arke dAlel By 2
4ge 5TAN FIH9D, 2 Aasss
7 108 ol% Egstel FEAE stk

P

fiber apparatus

carbon fibers processortensiometer

liquid front

test glassfritor filter paper

liquid

— |

«——— elevator

Fig. 2 Schematic diagram of the principles of the wicking
method.

2.4 AHEH =

A ZA £A¢ A3AQ DDME FHH 1112 Eg sl
70CoIA =9 F MEKE 20 wi% H7bstel 843773,
O F ANAY SIATAEE 4 witn S F BT o
& prepregAlZAH o] FAZE £ F EAES o F
A7t 23] FYdE F U=EEF FARE 5 LS
ZA3 o prepregE A FABIGUTE ol F Aadtd A20A
48 A7t ol WA F & FHEAg A0 MEKE FUA
Ron, £271 LB 3 (B-stage)d FEQ T
Blol A Adesle dwdko] HA AHFslm
press)E ©] &8 4L 735 MPa, =& 180°CE5}te] 2
A 3085 BEEE Az, 28l 431 A
IS diamond saw= ZE} Y|AIA AW FEE SAE
A%k AHe Euslich

2.5 7|AH A

=]

E A
=o

AR EAE Zol BIHE EFAE R
5 )&= short-beam shear test
o] o3t F3t AW} E(interlaminar shear strength; ILSS)E
23815t LSS &4 ASTM A23440] &8}a] Al
7] (universal testing machine, Lloyd LR5SK)E A}-43}900,
span-to-depth®] H]:= 4:12 3} cross-head speedt 2 m

m'min 2 A A&

g, B39 AIAME 9uEtE Ki(Ke in mode I
fracture)s= Ao glo} Fag ANEFAelr] Wi
2 ATl A gadRe FFAse] 2% HE3H gida
At g R BEARe] sHdde] WeE 3EFY
AlgE o] 83 single edge notched(SEN) bending HECZ
ASTM E3999] £3}9 span-to-depth®] H]E= 412 33,
cross-head speed= 1 mm'min'2 TH5A1E7)(Lloyd LR5K)
£ 283t SR

3. 244 & uF
314 =9

dn

A
(=)

314 # dr1=

B ATFolME Boehm[14)9] A¥ FHWE F& A
EE g4 &9 MuAEq FIAHAE o]8dte EW
FFES AT & TUMNE SHA =7 g o
2] 7k @1 &9 MEFs 4Ag ol g3ty Atas
e AFEMo] 7}l Sodium bicarbonate(NaHCOs)
T A caboxylicZlE 3819, sodium  carbonate
(Na;COs)= carboxylic”]$} <F4HAd carboxylic719] lactonic”?}
£, sodium hydroxide(NaOH)= carboxylic”], lactonic”] =L
3 phenolic?] & F3A7]22 M2 A & AstA
ZtZ}e) AIRE T £ Juh EWH FVIEs HC |9
A& F3td kg o183t FFAFE dxHF ZHES
719 A E71I=E 7E & Aok

Table 1 Acid-base values of anodized carbon fibers

Current density Acid values Base values
[mA] [meq.g"] fmea.g"]
as-received 15.1+0.1 20.2+0.2
2 35103 20.1+0.2
4 64.2+£02 20.1£0.1
8 34.3+0.2 20.10.1
16 36.5+0.1 20.1+0.2
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Table 2 Chemical compositions of the anodized carbon fiber
surfaces from XPS analysis

Current density Cis Nis Ois
2 015/Cis
[A-m™] AT[%] AT[%] AT[%]
0 743 1.4 243 0.327
2 735 14 25.1 0.342
4 68.8 0.7 30.6 0.445
8 72.1 1.4 26.5 0.368
16 69.7 15 28.9 0414
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Fig. 3 Photographs of SEM of carbon fibers made with and without anodic surface treatments.
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L), measured at 20TC

Wetting liquids yEmIm? ¥ mlm? yr/mlm?
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