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Nondestructive Microfailure and Interfacial Evaluation of Plasma-Treated PBO and
Kevlar Fibers/Epoxy Composites using Micromechanical Test and Acoustic Emission
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ABSTRACT

Comparison of interfacial properties and microfailure mechanisms of oxygen-plasma treated poly(p-phenylene-
2.6-benzobisoxazole(PBO, Zylon) and poly(p-phenylene terephthalamide)(PPTA, Kevlar) fibers/ epoxy composites
were investigated using micromechanical technique and nondestructive acoustic emission(AE). Interfacial shear
strength(IFSS) and work of adhesion, Wa of PBO or Kevlar fibers/epoxy composites increased by oxy;zen-
plasma treatment. Plasma-treated Kevlar fiber showed the maximum critical surface tension and polar term,
whereas the untreated PBO fiber showed the minimum value. Microfibril fracture pattern of plasma-treated
Kevlar fiber appeared obviously. Based on the propagation of microfibril failure toward core region, the number
of AE events for plasma-treated PBO and Kevlar fibers increased significantly. The results of nondestructive AE
were consistent well with microfailure modes by optical observation in microdroplet and two-fiber composites
tests.
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Table 1 Chemical structure of PBO and Kevlar fibers
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Table 2 Mechanical properties of PBO and Kevlar fibers

‘ Gauge Tensile Tensile Elongation

Fiber | Length Strength Modulus (%)
(mm) (MPa) (GPa)

5 5531 (676)"  91.0 (20.2) 77 22)

PBO 20 5215 (746) 1749 (26.7) 4.5 (1.3)

100 3908 (466) 2142 (70.0) 23 (04)

5 4269 (718) 88.8 (23.3) 6.6 (1.4)

Kevlar 20 3966 (625)  131.9 (20.0) 3.3 (0.6)

100 3134 (728)  151.9 (14.5) 2.1 (0.5)

1) Standard deviation (SD)

Fig. 3 SEM photographs of fracture surface for (a) PBO and (b)
Kevlar fibers.
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Jig. 5 Force versus extension of plasma-treated PBO or Kevalr fibers/
epoxy composites under microdroplet test.
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Fig. 6 Typical microfailure modes of plasma-treated (a) PBO or
(b) Kevalr fibers/fepoxy composites under microdroplet test.

Table 3 Surface free energy and critical surface tension of fibers

and matrix
d j
Materials Condition 7sh Vsd YA
(mJ/n?) (mJ/m?) (dyn/cm)
Untreated 224 9.9 30.0
PBO

Plasma-treated 239 223 40.7

Untreated 20.5 19.3 331

Kevlar

Plasma-treated 22.7 313 450

Epoxy 28.9 5.1 335

1) Dispersive surface free energy, 2) Polar surface free emergy
3) Critical surface tension
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Fig. 7 Typical microfailure modes of (a) the untreated and (b)
plasma-treated PBO and Kevalr fibers/epoxy composites.
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Fig. 8 AE energy of (a) the untreated and (b) plasma-treated PBO
fiber/epoxy composites.
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Fig. 9 AE energy of (a) the untreated and (b) plasma-treated Kevlar
fiber/epoxy composites.
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Fig. 10 AE waveform and FFT analysis for PBO fiber: (a), (b), (c)
fiber breakages, and (d) epoxy matrix cracking.
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