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High conducting carbon nanotube/polymer composite fiber by infrared laser surface modification
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Abstract
Polymer fiber with high electric conductivity, flexibility and environmental durability is an important basic material for wide application fields, like wearable electronic device, smart electronic costume, and large flexible display. High electric conducting yarn based on carbon nanotubes (CNTs) has been studied for years and problems main to be solved for massive application. Here we report our solving strategy of scalable fabrication of high conducting CNT/Nylon 6 composite fiber based on continuous surface modification using focused hollow laser beam.
The fiber was fabricated by melting spun using well dispersed CNT/Nylon 6 composite. The continuous fiber with 40μm diameter was passed through focused CO2 laser. It was found that the core of fiber remains perfect while the surface is carbonized under 20W irradiation with laser focused to size of 0.1mm and duration of <1ms. TEM analysis shows that the polymer matrix was carbonized by the rapid heating effect of infrared laser absorbed by CNTs. Same irradiation dosage can only introduce vaporization of pure Nylon 6. It was found that the carbonization initiates at the CNT/polymer interface and yields graphite and graphene mixture nanoporous structures, depending on laser energy and irradiation rate. By focusing the hollow laser beam which was generated by optical spiral phase plate, the surface of fiber was tuned to cover the inner edge of bright ring. The surface was rapidly carbonized while the core of the fiber in the dark region remains valid. After further stabilization process of the surface carbonized layer using conducting polymer, the conductivity of the fiber can reach 50Ω/cm. This CNT induced carbonization can also be applied for other polymers, the pure materials themselves cannot be carbonized by infrared laser, like polyester, polyethylene or polyurethane, and shows very promising in commercial applications.
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