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[Abstract]
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Carbon fiber is expected as next-generation material to reduce the weight of airplanes and automobiles for
improving fuel efficiency, due to its excellent physical properties as light and strong. Carbon fiber consumes
huge amount of energy for manufacturing, however, it is expected that the energy consumption rate can be
significantly reduced by realization of carbon fiber recycling.

In this study, we investigated the effects of reaction temperature, reaction time, atmosphere gas, and
nickel nanoparticles on the tensile strength and elastic modulus of carbon fiber recovered by pyrolysis of carbon
fiber reinforced plastic (CFRP). Although carbon fibers are stable in an inert gas such as nitrogen even at around
1000 °C, it was observed that the tensile strength decreased at over 500 °C more than 5 percent of oxygen
concentration or in steam due to oxidation of carbon fiber.

When the prepreg (T800) is pyrolyzed to recover carbon fibers in a nitrogen atmosphere, the apparent
tensile strength of the recovered carbon fibers decreased, because the plastic-derived residue remains on the
surface of the carbon fibers inhibit adhesion between carbon fiber and epoxy resin. On the other hand, the carbon
fiber recovered from pyrolysis in air at 500 °C for 60 min showed maximum tensile strength, because the carbon
residue on the surface of carbon fiber is removed almost completely and deterioration of carbon fiber by
oxidation can be ignored. Similar high-performance carbon fiber was recovered from pyrolysis in 90% of steam
atmosphere at 500°C also.

When nickel nanoparticle was directly loaded on the carbon fibers and heated at 600 °C in a steam
atmosphere, the tensile strength of the carbon fiber was extremely reduced. The negative effect for carbon fiber
suggests that surface of the carbon fiber was damaged by steam gasification accelerated by nickel nanoparticle.
Similar negative effect of nickel nanoparticle was observed for the recovered carbon fiber from prepreg at 600°C.

Our experimental results indicate that reaction temperature, concentration of oxygen and steam is key
parameters for carbon fiber recycling and pyrolysis in air atmosphere at around 500°C is good condition to
recover carbon fiber from carbon fiber reinforced plastic from industrial point of view.
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