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Abstract

In order to improve the extrinsic superconducting properties of MgB2 a combination of nanocrystalline microstruc-
ture and particle doping was studied with regard to the enhancement of flux pinning. For comparison, MgO and SiO2

particles were separately introduced into the MgB2 matrix by the in situ preparation technique of mechanical alloying.
The oxides do not affect the formation of MgB2 but influence characteristically the critical current density Jc and the
irreversibility field Hirr in hot pressed bulk samples due to a change of microstructure and lattice constants. Optimal
doping levels are 5 wt.% for MgO and 2 wt.% for SiO2 addition, which lead to improved Jc values of 1.3 · 106 and
1.2 · 106 A/cm2 in self-field at 7.5 K, respectively, but do not affect the critical temperature Tc. Microstructural inves-
tigations revealed a nanocrystalline MgB2 matrix with homogeneously distributed impurity particles.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

One main focus in the investigation of super-
conductivity in MgB2, which was discovered by
Nagamatsu et al. [1], has been the improvement
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of the properties of this material for potential
applications like magnets, cables and supercon-
ducting circuits [2,3]. The enhancement of the crit-
ical current density as well as the irreversibility
field can be achieved by the introduction of pin-
ning centers [4]. For this, different approaches like
defect creation by high energy radiation and grain
refinement as well as element doping and nanopar-
ticle addition [4,5] were investigated. Dou et al. [6]
have introduced the idea of SiC addition, which
leads to enhancement of Jc and Hirr while leaving
the critical temperature Tc almost unchanged.

In a model of two-band scattering in supercon-
ductors like MgB2, Gurevich [7] describes the pos-
sibility of Hc2 enhancement by increasing the
normal state resistivity as well as by increasing
the intraband scattering rates due to substitution
on Mg and B sites without affecting Tc.

The effect of MgO particles present in the MgB2

microstructure was already investigated by differ-
ent groups [8–10]. Kovác et al. [8] have shown that
an enhancement of Jc and Hirr can be achieved
while leaving Tc almost unchanged. But the
improvement of pinning worsens the inter-grain
connectivity. Riu et al. [11] studied the influence
of SiO2 on the properties of MgB2 and found an
optimum concentration of 7 at.% for Jc enhance-
ment. Si is doped into the MgB2 lattice cell
whereas the formation of Mg2Si particles leads to
nanocomposite material. But the grain size of
these particles of about 50 nm is too large to
enable an optimum pinning efficiency, which is
expected for 10–20 nm sized pinning centers
because the coherence length in MgB2 is in the
range of 6–7 nm [12].

A combination of different mechanisms to en-
hance the pinning properties of MgB2 was the
aim of the present work and will be described in
detail in the following. The mechanical alloying
technique was used for the in situ preparation of
MgB2 starting from magnesium and boron pow-
ders with the addition of different fractions of
MgO and SiO2 particles. The idea behind this
was to fabricate a nanocrystalline MgB2 micro-
structure as well as to achieve a grain size reduc-
tion of the oxide particles and their effective
incorporation into the MgB2 matrix. Whereas
MgO is always found as a secondary phase in

MgB2, which forms due to the presence of small
amounts of oxygen in the working atmosphere
[13], SiO2 can be regarded as a real impurity phase
whose influence on the superconductivity in MgB2

is more complex [11].
The phase formation of MgB2 as well as the

superconducting properties in dependence of the
microstructure were studied. In fact, we find a dif-
ferent behaviour of MgO and SiO2 addition in
dependence on the doping content on the proper-
ties of MgB2. Slight additions of these impurities
were found to improve the pinning properties
without changing Tc. In contrast, larger amounts
of MgO and SiO2 deteriorate the superconducting
properties due to a change of the microstructure
and the grain connectivity.

2. Experimental

The preparation of MgB2 using the mechanical
alloying (MA) technique was carried out with
elementary amorphous boron (1 lm particle size,
99.99% purity, Alfa Aesar) and magnesium
(250 lm maximum particle size, 99.9% purity,
Goodfellow) powders in the stoichiometric compo-
sition. Furthermore, MgO (45 lm maximum parti-
cle size, 99.5% purity, Alfa Aesar) and SiO2 (45 lm
maximum particle size, 99.8% purity, Chempur)
powders were added resulting in a phase fraction
between 2–10 wt.% and 2–20 wt.%, respectively.

Mechanical alloying was done in a Retsch PM
400 planetary ball mill with milling tools made of
tungsten carbide (WC) in a highly purified argon
atmosphere with the following parameters: 50 h
milling time, 250 rpm rotational speed, ball-to-
powder mass ratio of 36:1. Further details are
described elsewhere [13,14].

In order to receive highly densified bulk samples
the as-milled and partially reacted MgB2 powder
was hot pressed in a vacuum chamber at a temper-
ature of 973 K under a pressure of 500 MPa for
10 min (for further details, see [13,14]).

Phase analysis was performed using a Philips
X�Pert PW 3040 X-ray diffractometer with Co Ka

radiation. Rietveld refinement [15] of the obtained
X-ray diffraction patterns using MgB2, Mg, MgO,
SiO2, Mg2Si and WC peaks allowed to determine
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