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Fig. 1. Back scattered electron images of ex-situ MgB,
bulks sintered at 900°C for 24 h; (a) conventional
process, (b) low oxygen process.
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Fig.1 transverse cross section of IMD—processed (1) Ta—mono,
and (2) Fe-mono MgB, wires (¢ : 0.6 mm) observed by SEM
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Fig.3 (1) SEM, and (2) TEM images on longitudinal cross
section of IMD—processed Ta—mono MgB, wires
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Fig. 1. Longitudinal variation of local critical current in each
filament of a multifilamentary MgB, wire estimated from
remanent magnetic field distribution measured by scanning
Hall-probe microscopy (SHPM) at 10 K. Trapped fields come
from upper (U) and lower (L) filaments as well as from the
central filament (M).
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Fig. 2. Comparison between (a) remanent magnetic field
distribution measured by SHPM and (b) SEM image. EDAX
mappings are also shown for (¢) Mg and (d) Si.
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1. Introduction

Although MgB, has the highest critical temperature (7,) of
known metallic superconductors, 39K, the critical current
density J, values of in situ PIT processed MgB, wires are still
below that of the present commercial superconducting wires
(Nb-Ti and Nb3Sn). Impurity doping is one of the main method
to improve the J, values of MgB, wires. In this study, we found
two new effective hydrocarbon additives, xylene (CgH;y) and
triphenylamine (C;gH;sN). They help enhance the J. values but
with different mechanisms.

2. Experiment

The MgB, wires were all fabricated by in situ PIT method.
Xylene (CgH¢) and/or 10% SiC were mixed with amorphous B
powder first. After sloshing for 1 hour, we put the liquid
mixtures in quartz tube under flowing pure argon gas
atmosphere for several hours. The added B powder was mixed
with commercial Mg powder and grinded for 1 hour. For
triphenylamine (C;gH;sN) addition, 10 mol%, 20 mol% or 30
mol% (mol% is the amount of carbon doping) was mixed with
commercial Mg and amorphous B powders at the same time.
Then the mixed powders were filled into pure iron tubes with a
6.0mm outer diameter and a 3.5mm inner diameter. The tubes
were cold-rolled into wires whose diameter was 1.0mm using
groove-rolling and drawing machines. Heat treatment was
carried out at different temperatures for 1 hour under a flowing
argon gas atmosphere. The transport critical current, /., was
measured by a standard four-probe resistive method at 4.2K in
magnetic fields varying from 12 T to 6 T.

3. Results and discussions

Figure 1 shows J, versus H curves at 4.2K of CgHy,, SiC
and CgH o+SiC added wires heat-treated at 800°C for 1hr. The
data of pure wire are also shown in the figure for comparison.
The slope of J. -H curves of CgHj, added wire is larger than
that of SiC added wire and nearly equal to that of pure one.
X-ray diffraction analysis indicates that the amount of carbon
substitution for the boron site of CgH;y added wire is much
smaller than that of SiC doped wires, which introduce 3 percent
of carbon substitution for boron and brings about the
enhancement of the upper critical magnetic field A, and hence,
increases J, at high fields. This suggests that the dominant
mechanism of J, enhancement for CgH;j,-added wires is
different from carbon substitution for boron. According to the
SEM images, we observed fewer unreacted boron areas (Fig. 2)
and smaller MgB, grain size in CgH;p-added wires, meaning
the fully-reacted MgB, core and more flux pinning center. The
addition of both CgHo and SiC powder to the starting powder
is more effective in increasing J; values as well as the upper
critical magnetic field H,. This is because both mechanisms of
J. improvement —one comes from the addition of CgH,( and the
other comes from the carbon substitution for boron by the SiC
addition—work together. On the other hand, we found C;gH;sN
(Triphenylamine) is another effective additive for enhancing
the J, values in MgB, wires by introducing carbon substitution
for boron site.

10° F— T T T
10° e
E 100k e
<
.,30
|| T Mo, 5
| —*—MgB,+CH,
—a—MgB,+10% SiC
—v—MgB,+10% SiC+ CH,,
101 L 1 1 1
6 8 10 12
H(T)

Fig. 1 J. -H characteristics of PIT-processed MgB, wires at 4.2K
of pure, CgH o, SiC and CgH;,+SiC addition heat treated at
800°C for lhr

Fig. 2 SEM images of MgB, cores
(a)undoped (b) CgH;p-added
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Fig.1 V-T curves of Al doped MgB, single wires with
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Fig.2 V=T curves of enamel coated multi-stranded Al
doped MgB, wires( ¢ 0.1/7)
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Fig.3 Cross section view of enamel coated
multi-stranded Al doped MgB, wire (¢ 0.1/7)
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