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Self-Sensing of Single Carbon Fiber/Carbon Nanotube-Epoxy Composites
Using Electro-Micromechanical Techniques and Acoustic Emission
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Abstract Self-sensing on micro-failure, dispersion degree and relating properties, of carbon nanotube(CNT)/epoxy
composites, were investigated using wettability, electro-micromechanical technique with acoustic emission(AE).
Specimens were prepared from neat epoxy as well as composites with untreated and acid-treated CNT. Degree of
dispersion was evaluated comparatively by measuring volumetric electrical resistivity and its standard deviation.
Apparent modulus containing the stress transfer was higher for acid-treated CNT composite than for the untreated
case. Applied cyclic loading responded well for a single carbon fiber/CNT-epoxy composite by the change in contact
resistivity. The interfacial shear strength between a single carbon fiber and CNT-epoxy, determined in a fiber pullout
test, was lower than that between a single carbon fiber and neat epoxy. Regarding on micro-damage sensing using
electrical resistivity measurement with AE, the stepwise increment in electrical resistivity was observed for a single
carbon fiber/CNT-epoxy composite. On the other hand, electrical resistivity increased infinitely right after the first
carbon fiber breaks for a single carbon fiber/neat epoxy composite. The occurrence of AE events of added CNT
composites was much higher than the neat epoxy case, due to microfailure at the interfaces by added CNTs.
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Table 1 The acid-base surface energy components (mJm™® of epoxy and untreated as well as three
acid-treated CNT/epoxy composites using four solvents

Condition rygw v ’Y+ %:C ’Yd P wh
Epoxy YD-114 28.2 8.1 0.0 28.7 14.7 13.6 57.6
Untreated 24.0 1.2 0.3 24.9 21.2 2.7 54.0
H,S0, 24.7 0.5 0.2 25.3 24.5 1.2 54.0

CNT-epoxy
HNO3 314 0.8 0.2 32.1 29.6 1.8 60.4
NaxCryOr+Hy804 33.3 0.7 0.3 34.0 322 1.7 60.8

"Work of adhesion, W, between a single carbon fiber and carbon nanofiber/fepoxy composites
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