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Abstract

Recently, there have been sustained efforts to develop novel epoxy composites including various fillers for improving the physical properties of the epoxy-impregnated superconducting coil. Among the various filler materials, carbon nanotubes (CNTs) have emerged as one of the promising candidates because of
the high thermal conductivity as well as the superior mechanical strength. However, achieving the desired thermal and mechanical properties of CNT/epoxy composites is difficult due to poor dispersion of CNT fillers in epoxy resins. Therefore, the uniform dispersion of CNTs should be obtained through surface
treatments such as acid treatment and amine treatment, to enhance the physical properties of superconducting coils impregnated with epoxy composites using the CNT fillers. In this study, the thermal and electrical characteristics of GABCO coils impregnated with epoxy composites containing surface-treated
CNT fillers were evaluated through the thermal quench, over-current, and repetitive cooling tests. In addition, the degree of dispersion of the CNT fillers in the epoxy resin was examined through scanning electron microscope (SEM) analysis.

Experimental setup Results & discussion

Conclusion

% From the FTIR spectrum, the carboxylic acid was confirmed to have successfully formed at the surface of acid-treated MWCNTs. Moreover,
the images from scanning electron microscope (SEM) analysis indicated that uniform dispersion of CNTs could be achieved because of the
carboxylic acid formed on the CNT surfaces.

The agglomerates
of untreated CNTs
(yellow dashed
circle) were
created in the
polymer matrix.

Overall, the addition of surface-treated
CNTs to the epoxy composites may be
beneficial for achieving highly stable
and mechanically dense
superconducting coils with high thermal
< FESEM images of (a) epoxy/untreated CNT composites (10,000x) and % The repetitive-cooling test results indicated that the reduced degradation for the coil impregnated with epoxy/acid-treated CNT composite conductivities and low CTEs.

(b) epoxy/acid-treated CNT composites (10,000 )> < Photographs of the test coil during the impregnation procedure > was attributed to the smaller difference between the CTE of GABCO tape and epoxy composite.

X In the cool-down and over-current tests, the coil impregnated with the epoxy/acid-treated CNT composite exhibited the superior
performance due to enhanced thermal conductivity, which allowed effective cooling and heat transfer in the impregnated coil.
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