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Abstract

Research into in-situ MgB, strand has been focused on
Improvements in J- through reduction of porosity. In a high-
performance superconducting strand the nature of the
mechanism of reduced porosity and how to best manipulate
It to elucidate enhancements In J. IS an area of ongoing
Investigation. Both of cold-high-pressure-densification
(CHPD) and advanced-internal-magnesium-infiltration
(AIMI) methods can effectively remove the voids In the In-
situ MgB, strands. This study shows the nature of the
reduced porosity for in-situ MgB, strands lies on generating
better connections between MgB, grains The CHPD method
applying bi-axially 1.0 GPa and 1.5 GPa yielded 4.2 K Jg,
values of about 9.6 x 10* A/cm? and 8.5 x 10* A/lcm? at5 T,
respectively, as compared the 6.0 x 10* A/cm? of typical in-
situ MgB, strand. Moreover, AIMI-processed
monofilamentary MgB, strand obtained even higher Joy,

Introduction

First, the presence of voids in the powder-in-tube In-
situ MgB, strands Induces anisotropic connectivity
and thus results in the differences between J¢,,; and
Jem- The Influence of intrinsic and extrinsic
properties for in-situ MgB, strands In terms of J¢y,
and Jc, Were investigated.

Second, the dominate pinning centers in MgB, are
grain boundaries. Grain connectivity, K of MgB,
superconductor can be estimated by normalizing the
maximum flux pinning force with that of fully-
connected MgB, bulk. The relationship between
porosity and grain connectivity for the in-situ MgB,
strand was also discussed In this study.

Experimental Details

PIT in-situ and AIMI MgB, strands were provided by
Hyper-Tech Research of Columbus, OH. Strand
composition was designed to be 2.0 mol% C based on B.
The AIMI strands were heat-treated at 625°C and16h . The
PIT In-situ strands were bi-axially densified with 1.0 and 1.5
GPa at room temperature and then were heat-treated at
675°C/1h.

Transport critical current testing was performed in pool
boiling Helium In transverse magnetic fields up to 13 T. The
transport J-S (J-1S) were calculated by normalizing transport
critical currents with the area of MgB, core.

Magnetization versus perpendicular (_| ) and parallel (||)
magnetic field loops were measured by using a Quantum
Design Model 6000 PPMS. The values of magnetic J:S
(JcmS) Were extracted from the full height AM of the MH
loops together with using the standard Bean Model
expressions. Flux pinning forces were obtained through Jey,
X B.

Electron optics of the transverse cross sections for the MgB,
strands were performed with an Apreo Scanning Electron
Microscope (SEM).
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Figure 11. F /F, .. Versus B/B, for all strands at 4.2 K and 20 K. Strand P00 has the transverse grain
connectivity K, of 0.05. The K;s of
the CHPD-processed strands, P10
and P15 were enhanced to 0.06.
The AIMI-processed strand, AO0O
has the K of 0.20.
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It can be seen that the peak pinning occurred at b = B/B;,, close
to 0.2 at 4.2 and 20 K, which is In agreement with the Dew-
Hughes/Kramer model. In other words, the dominant pinning
centers for the strands P00, P10, P15, and AOO are grain

boundaries.
Conclusions
*JewmyS 1S merely determined by the intrinsic properties of in-situ MgB, strands, so the current-carrying
capacity of in-situ MgB, strands can be represented by Jc, as well as Jer.
*The CHPD of 1.0 GPa and 1.5 GPa enhanced the 4.2 K, 5 T J¢),, from 6.0 x 10* A/cm* to 9.6 x 10°
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situ MgB, wire with 2.0 mol% C dopingand  situ MgB, wire with 2.0 mol% C doping  strand with 2.0 mol% C doping). *AIMI strand attained the highest Jo1 and Jcy at 4.2 and 20 K due to the formation of a high dense
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gB, layer.
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