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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 mnd 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 basetd on the wicking rate of a test liquid, it is ob-
served that anodic oxidation does lead to an inctease 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

L

liquids [mjy,';n»z] [m;,Lm»z] ol [ mP”a's] [g~cl:n'3]
n-hexane 184 184 0 0 033 066!
water 728 28 51 153 1 0.998
diiodomethane  50.8 5042 038 01 276 335

ethylene glycol  47.7 30 167 073 2181 1109
formamide 582 305 187 089 38 1138
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Figure 1. FT-IR spectra of the carbon fibers stud-
ied (a: as-received, b: 0.2, ¢: 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 Oy Ny (%)
as-received 74.3 24.3 14 32.7
0.2 735 25.1 14 342
04 68.8 30.6 0.7 445
0.8 72.1 26.5 14 36.8
1.6 69.7 28.9 15 414

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

current densit
rr[i:.mie%m ¥ water diiodomethane etglgzrlle formamide
as-received 81 36 42 50
02 69 29 31 41
0.4 61 26 21 30
08 70 25 32 39
1.6 74 29 34 39
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Figure 2. Owens-Wendt plots of 7 (1+cos 6)/2(r.5)
1/2 versus (7.5%/7.Y)Y? for carbon fibers (R : coeffi-
cient of regression).
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Figure 3. 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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