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Abstract

MgB2 bulk samples were synthesized by the solid-reaction process in high magnetic fields. The effect of magnetic fields on the micro-
structure and superconducting properties of MgB2 tapes has been investigated by using X-ray diffraction, scanning electron microscope
and magnetic measurements. Under the application of an 8 T magnetic field, the critical transition temperature, Tc, remained unchanged,
and the critical current density, Jc was enhanced by a factor of more than 2 for both temperatures of �5 K and 20 K. The experimental
results suggested that the high magnetic field is effective for improving Jc of MgB2 superconductors.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

MgB2 is a material whose superconducting properties
were discovered in 2001 [1]. It will be a potential material
for large-scale engineering applications and electronic
devices because of its simple crystal structures, large coher-
ence lengths, high critical current densities and transparency
of grain boundaries to current [2]. However, the critical cur-
rent density Jc of MgB2 drops rapidly in magnetic field,
therefore, research approaches have been directed towards
either improving Jc by improving grain connectivity, or
improving in-field performance by different methods.

In 1987, Farrel et al. [3] has first reported that the align-
ment of the YBCO particles could be induced by the mag-
netic field, when YBCO powders, which were mixed with
the epoxy solution, dried in a 9.4 T magnetic field. Soon
after, a high magnetic field was introduced in the solidifica-
tion processing by Rango et al. [4]. The experimental
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results indicated that annealing YBCO in a magnetic field
not only introduces crystallographic orientation but also
improves the quality of the intergranular contacts. Since
then, a lot of experiments about the processing of high
Tc superconductors (HTS) under high magnetic fields have
been eagerly carried out. It has been found that the degree
of grain alignment and critical current density in HTS were
much enhanced by an external magnetic field during the
fabrication process, due to the anisotropy of magnetic sus-
ceptibility [5–7]. It is known that the structure of MgB2 is
anisotropic. If a magnetic field is applied during the
MgB2 heating process, Jc improvement and other field
effects are expected. Actually, more recently, Aksan et al.,
[8] mixed high purity MgB2 powder with an organic binder
and dried in a magnetic field of 1 T for 75 h. Then samples
were heat-treated at 950 �C for several hours under an
argon atmosphere. They found that the critical tempera-
ture Tc and the critical current densities were both
increased by drying under magnetic fields.

In this paper, we report the experimental results of
MgB2 bulk samples heat-treated under high magnetic fields
by solid-state reaction method.
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2. Experimental

High purity Mg (99.8%) and B (99.99%) powders were
mixed thoroughly by grinding in the air for 1 h. Extra
Mg powder was added in the precursor in order to compen-
sate for the loss of Mg at high temperature. The ground
powders were unidirectionally pressed into pellet of
14 mm diameter under �30 Mpa pressure. The pellets were
packed in Zr foil, then heat-treated at 800 �C in vacuum for
1 h. During the heat-treatment process, a constant mag-
netic field Ha of 8 T was applied perpendicular to the sur-
face of pellets. For comparison, the samples were prepared
under the same conditions without the magnetic field.

The phases of all the samples was studied by X-ray dif-
fraction (XRD). The microstructure was examined by
scanning electron microscope (SEM). The magnetization
property was measured using a superconducting quantum
interference device (SQUID). The magnetic measurement
were carried out and the critical current density Jc was cal-
culated using bean model from DM on the magnetization
loop.

3. Results and discussion

Fig. 1 shows XRD patterns of the surface of MgB2 bulk
samples heat-treated at magnetic fields of 0 and 8 T. It is
clear that both samples compose of almost a single phase
of MgB2 containing a small amount of MgO. We also per-
formed the XRD measurements along the bulk plane per-
pendicular and parallel to the direction of magnetic fields
for the 8 T samples. However, no appreciable difference
in texture development was observed between them.
Fig. 1. X-ray diffraction patterns of the surface of MgB2 bulks heat-
treated in magnetic fields of 0 and 8 T.
The superconducting transition curves of the 0 and 8 T
samples determined by susceptibility are shown in Fig. 2.
Both samples show a sharp transition of magnetization ver-
sus temperature. The onset transition temperature is 37.1 K
for the 0 T samples while 37 K for the 8 T bulks, indicating
that the magnetic field has almost no influence on Tc.

The Jc values as a function of magnetic fields at different
temperatures for the 0 and 8 T samples are shown in Fig. 3.
Clearly, the larger Jc values were achieved in the 8 T sam-
ple at all temperatures and in the entire field region. At
temperatures of 5 and 20 K, the Jc of 8 T samples was more
than two times larger than that of the bulks processed in
the absence of magnetic field. Magnetic field dependence
of Jc did not change with the application of Ha, meaning
that the flux pinning below 5 T is not improved by the
applied magnetic field. However, at 30 K, the Jc difference
Fig. 2. Normalized magnetic susceptibility versus temperature for the 0
and 8 T bulks.

Fig. 3. Magnetic field dependence of Jc for the 0 and 8 T bulks at various
temperatures, as measured by magnetization.



Fig. 4. SEM micrographs of bulk samples which were heat-treated in a (a) 0 T and (b) 8 T magnetic field.
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between the two samples became small with increasing of
the magnetic field. The low Jc values of 0 T sample can
be partly explained by the porous microstructure.

In order to investigate the reason for the Jc improve-
ment, we studied the differences in the microstructures of
the bulks with and without magnetic field. Fig. 4 shows
the SEM images of fractured surface of the 0 and 8 T sam-
ples. It is clearly seen that the 0 T samples is quite porous
and loose. Large voids and poor intergrain connections
were presented. In contrast, with the application of strong
magnetic field, densification of the MgB2 core obviously
occurred, resulting in the quite uniform microstructure
and the better connectivity between the MgB2 grains. These
results are in good agreement with recent reports, in which
the Jc enhancement of MgB2 was achieved by the improve-
ment in the grain coupling as a consequence of densifica-
tion of the tape core [9,10]. The present results
demonstrated that the 8 T magnetic field can improve the
connectivity of MgB2 grains and hence the increased Jc val-
ues. The effects of magnetic field on processing of in situ
MgB2/Fe tapes will be published elsewhere [11].

4. Conclusion

MgB2 bulk samples were prepared by solid-state reac-
tion under the 8 T magnetic field. The field samples showed
an enhanced critical current density in comparison to the
0 T ones. The reason can be attribute to the denser micro-
structure and the improved connectivity of MgB2 grains.
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