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Extreme Magneto-Transport of Aligned and Sorted Nanotube Textiles
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Introduction - 

Carbon Nanotube (CNT) textiles are a leading contender in replacing copper in real-world electrical power transfer applications [1]. With high magnetic field measurements (60 T), we characterize the transport of two emerging classes of CNT textiles: 1) unaligned films sorted for the CNT electronic species concentration and 2) fiber composed of long length CNTs ((1 mm) with a highly aligned microstructure. This high field uniquely identified two magneto-transport mechanisms until now unknown in these particular materials. As a result of these initial findings, high field spectroscopy will accelerate the development of these materials, particularly as traditional characterization techniques become less useful in highly crystalline graphitic materials [2]. 
Experimental - 

Aligned, Cambridge-made [3] CNT textile was measured (for microstructure, see fig 1a), as well as three unaligned CNT films consisting of predominantly 1) metallic CNTs, 2) semi-conducting CNTs, and 3) unsorted. Magneto-resistance (MR) was measured as a function of field and temperature. The 60 T short pulse magnet was the primary tool, while the 60 T long pulse was used for particularly resistive materials. 
Results and Discussion-

Fig 1b shows the MR of the unaligned metallic CNTs and Fig 1c shows the MR of the aligned CNT fiber.  Their high field response is distinct with MR saturation for the unaligned film and continued MR increase for the aligned fiber. Analysis indicated that the unaligned films were on the insulator side of the metal/ insulator transition and the positive MR is best explained with a spin polarization mechanism (not the prevalent and widely cited mechanism of field induced electron wave shrinking). The analysis of the aligned fiber indicated the positive MR was classical in nature, which depends strongly on the charge carrier mobility. This is similar to the response of graphite, although a higher field was required to show this response in CNT textiles. 
Conclusions-

High magnetic field uniquely identified transport mechanisms present in these new classes of CNT textiles. In regards to the aligned CNT fiber, this is particularly relevant because it probes a parameter critical to quality control and continued development.  New processing techniques recently developed at Cambridge create CNT textiles of significantly improved crystallinity and approach the limits of typical characterization. More advanced techniques, such as high field characterization, must be developed. 
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Figure 1| a, microstructure of the aligned CNT fiber. Red bar is 500 nm. MR as a function of field H and temperature for the metallic unaligned film (b) and the long length aligned CNT fiber (c).
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