[image: JustM_purple.jpg]NATIONAL HIGH MAGNETIC FIELD LABORATORY
2016 ANNUAL RESEARCH REPORT


Electrically Insulating Bi-2212 Round Wires Using a Combination of TiO2 Coating and Alumino-silicate Braid
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Introduction
	One peculiarity of using Bi2Sr2CaCu2O8-x (Bi-2212) round wire for magnets is that in most cases it can only be used in the wind-and-react coil making method. Though it has the advantage that winding strains can be neglected during the design of a magnet - since the wire will be fully annealed after the reaction - it puts challenges on the magnet design regarding the choices of suitable materials. During the heat treatment, temperatures of up to 890 oC have to be reached to achieve a proper superconducting and textured crystallographic phase formation. All structural materials need to be able to withstand these high temperatures. While for structural materials low Cr Ni-base alloys appear to be the material of choice, finding suitable dielectric materials for the electrical insulation of the Bi-2212 is more complex. 
Experimental
	Bi-2212 round wire is commonly being offered by its manufacturer OST with an alumino-silicate braid as electrical insulation. Through multiple experiments, we realized that the alumino-silicate reacts with the silver conductor sheath, forming an AgAlO2 delafossite. When the fibers saturate with silver, they transform from a fiber with relatively high strength to a glassy and brittle compound with a large number of cracks as shown in Fig. 1. Based on these observations we originally abandoned the use of alumino-silicate braid and developed a TiO2-based coating at the NHMFL. In this route a layer of polymer saturated with TiO2 nano-particles is deposited onto the conductor by dip-coating. During the early stages of heat treatment, the polymer is burned off slowly so as to prevent sudden combustion, which can cause delamination and coating loss. During the final stages of the heat-treatment when the Bi-2212 phase formation begins to occur, the TiO2 sinters onto the silver sheath as a hard, abrasion-resistant ceramic layer. In some instances however, silver has been observed to penetrate cracks in the the ceramic layer, causing electric shorts in tightly wound coils as shown in Fig. 2. A combination of the two processes, coating with TiO2 and braiding with the alumino-silicate, has been shown to alleviate the observed issues, Fig. 3.     
[image: ] Results and Discussion
[image: ]  In several coils we were able to show that a combination of the coating and the alumino-silicate braid yields an electrical insulation that is reliable and which also provides additional mechanical strength since the fibers stay intact without degradation by the silver matrix, which is now separated from the fibers by the TIO2 ceramic layer. Another considerable advantage of the combination of coating and braid is the braid’s ability to effectively accelerate epoxy ingress during vacuum pressure impregnation (VPI). Independently, a modification in the recipe of the coating components is currently showing promise for providing a thicker ceramic layer with lower tendency of silver penetration. Parallel to this, efforts are being made to minimize braid thickness without sacrificing properties and a variant is currently being tested on Bi-2212 Rutherford type cables. Fig.1: Alumino-silicate braid on Bi-2212 wire after reaction. 
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Fig. 2: Silver bridges between two Bi-2212 wires inside a coil winding pack after heat treatment. 
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