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Introduction 

Recently, it has been shown that Nb3Sn superconducting wires can be formed with artificial grain boundary pinning (APC). These APC conductors rely on the formation of ZrO2 precipitates in the fine grain Nb3Sn to refine grain size. This is done by using an Nb-1% Zr alloy as the Nb tube, and then oxidizing the Zr, usually internally by including an oxide power which dissociates during the reaction HT releasing the oxygen to diffuse to the Zr and oxidize it. This has been seen to reduce the grain size from 100 nm to 35 nm, thus doubling Jc at 12 T. However, it is important to develop ternary versions of this conductor for high field applications. Here we explore one of the most common Nb3Sn ternary doping elements which is Ti.  
Experimental 

A series of APC-tube type Nb3Sn wires were fabricated. These samples were in most cases the sub-elements (i.e., monofilaments), and were standard tube configuration with a Sn core wrapped in Cu all encased in a Nb tube. However, to generate the APC, the Nb tubes were doped with 1% Zr, and the wires were externally oxidized in an Ar-O2 atmosphere during reaction HT. In addition, in order to form the ternary, either 2% Ti (wire type 3727) or 6% Ti (3775) were added to the core.  The samples were measured using a standard four point technique in a 31 T resistive magnet at the NHMFL in Tallahassee. Sample excitation currents were from 1-30 mA. The experimental run consisted resistivity measurement during a field sweep, with Bc2 taken as the point with 90% of normal state resistivity, and Birr taken as the 10% point. 
Results and Discussion
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The results of the measurements are shown in Table I and Fig 1. Here we see an increase in Bc2 with 2% Ti doping, but an apparent decrease in Birr. Higher additions add too much Ti and are detrimental. 


 Conclusions

Ti doping is seen to increase Bc2, but reduce Birr. This may be due to segregation within the strand, or interaction with the oxygen. Further optimization is needed, as well as exploration of Ta doping.
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Fig.1 Bc2 and Birr for Control samples and 3727 series, samples with 2% Ti doping and various levels of O2 doping as “2”, “4”, “6”, and “8”. 











Table I. Bc2 and Birr for all samples. Error (0.2T


Sample�
Bc2�
Birr�
�
3761(no O2)�
25.1�
24.2�
�
3761-520Pre�
25.1�
24.2�
�
3727-2(650-"2"-2%)�
27.3�
23.4�
�
3727-4(650-"4"-2%)�
25.7�
23.47�
�
3727-4(650-"4"-2%)�
25.4�
22.9�
�
3728-8(650-"8"-2%)�
25.4�
23.9�
�
 �
Bc2�
Birr�
�
3775-1-1(700-"control"-6%)�
21.2�
17.9�
�
3775-3(700-"2"-6%)�
20.9�
17.5�
�
3775-5(700-"4"-6%)�
21.5�
18.75�
�
3775-1-7(700-"6"-6%)�
22�
19.1�
�
 �
Bc2�
Birr�
�
3775-1-4(650-"2"-6%)�
21.8�
15.4�
�
3775-1-6(650-"4"-6%)�
20.47�
13.9�
�
 �
Bc2�
Birr�
�
3785-(Ga)�
23�
10.6�
�















