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ABSTRACT: The effect of anodic oxidation on high strength PAN-based carbon fibers has
been studied in terms of surface functionality and surface energetics of the fiber surfaces,
resulting in improving the mechanical properties of composites. According to FT-IR and XPS
measurements, it reveals that the oxygen functional groups on fiber surfaces induced by an
anodic oxidation largely influence the surface energetics of fibers or the mechanical interfacial
properties of composites, such as the interlaminar shear strength (ILSS) of composites. Ac-
cording to the contact angle measurements based on the wicking rate of a test liquid, it is ob-
served that anodic oxidation does lead to an increase in surface free energy of the carbon fi-
bers, mainly due to the increase of its specific (or polar) component. From the surface ener-
getic point of view, it is found that good wetting plays an important role in improving the de-
gree of adhesion at interfaces between fiber and epoxy resin matrix of the resulting compos-
ites. Also, a direct linear relationship is shown between O,,/C;, ratio and ILSS or between
specific component and ILSS of the composites for this system.
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Table 1. Characteristics of Wetting Liquids Used
in This Work

n 7L

fl]ll.ﬂS [mj.m?] [mijl] 7LSP (7LSP/7LL)l15 7 P

[mPa-s] [g-am™]
n-hexane 184 184 0 0 033 0661
water 728 218 51 153 1 0.998

diodomethane 508 5042 038 0] 76 33%
sthyleneglyol 477 310 167 07 281 1109
formamide 582 395 187 069 /8 LB
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Figure 1. FT-IR spectra of the carbon fibers stud-
ied (a: as-received, b: 0.2, c: 0.4, d: 0.8, e: 1.6 A-m™?).
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Table 2. Chemical Compositions of the Anodized
Carbon Fiber Surfaces from XPS Analysis

current density element 0l1s/Cls
[A'm?] Cis 0. Ny (%)
as-received 743 24.3 14 32.7
02 735 25.1 14 342
0.4 688 306  07° 445
0.8 72.1 265 14 36.8
1.6 69.7 289 15 414

Table 3. Contact Angles (in degree) of Carbon Fi-
bers as a Function of Electric Current Density

cur;e:tr:egﬁty water dilodomethane etg};;rieone formamide
as-received 81 36 42 50
0.2 69 29 31 41
04 61 26 21 30
0.8 70 25 32 39
1.6 74 29 AU 39

258 Bd Afelvxe] London B34 84 (yY)
o I 82 (FN)E JsEIEL o8 dsH
Be 4 (DE A8 AN 5 YopE

1 Py 172 .
71,; (‘;ﬁt)z?;szﬁ) — (£P)1/2,<_7§LT) +OH2 (2)

oA714 ol @A Lt Se 27 st g o
ehdc),

Hep, 7k olge] AAE AHgdel 232
A BY (/70 BE FEAE 4 ()
et linear fittingdh= A& Figure 29 U
ERlen, a2 71ev]ot Aoz RE BAM
o rs'# SFE ANl Figure 3o ZAlslg
. & Figure 39 ARz Re, @284 yF=
AFEES F719 3 F7bsict 58 AU
A oA Zade AL B F Yoy yle= A9
sl glolch Ango s B A AAs g2
dske FW ARAUAY T 2 Je N
= AE ¢ 5 ATk W48 ASEAAY BaME
o] FF3E EE A FHAM AWE o,
2479 B AgduAldA ySPe Zrle ¥F
A 5 7—‘1%% g Mx AE7lE 23 Qe

Polymer(Korea) Vol 24, No. 4, July 2000



104

as~received (R-0.997)
02An® (R=0.991)
0.4 Am® (R=0.989)
0.8 Ami’ (R=0.968)
1.6 Ani® (R=0.988)

L L
= T

{1 + cos /2 (r H)'"?
(-3
o< Hr on

T

T Bl T T
0.0 0.3 0.6 0.9 1.2 1.5 1.8
(TLSP/YLL)HZ

Figure 2. Owens-Wendt plots of 7 (1+cos 8)/2(r Y
1/2 versus (7, 5%/7.)'/% for carbon fibers (R : coeffi-
cient of regression).
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Figure 8. Variation of the surface free energy and
their components of carbon fibers as a function of cur-
rent density.
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Figure 4. Evolution of the ILSS as a function of the
current density.
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Figure 5. Dependence of the ILSS on the O,,/Ci;
ratio and on the specific component of surface free en-
ergy of carbon fibers (SD : standard deviation).
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