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Abstract

MgB: polycrystalline bulk samples with addition of 5 and 10 wt.% nano-size®Apowders were prepared by solid state reaction using
pre-reacted MgR All the samples were sintered at 88Dfor 40 min in Ar. All the samples were characterized by X-ray diffraction, scanning
electron microscopy and magnetic measurements. Results show that the critical current density and irreversibility fields decrease significantly
with increasing AJOs level. J. values decreased significantly by more than one order of magnitudd, Tineps slightly from 37.9to 36.6 K,
but acquires a very wide transition width of more than 20 K. Furthermore, the amount of MgO was found to increase with incrgasing Al
level, probably indicating that Mg was replaced by Al, with the excess Mg forming extra MgO. The field dependé&sfce all the samples
is also presented.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction than one order of magnitude, with only slight reductions in
T¢ by chemical doping of MgB with nano-particle SiC. It
The critical current densityJ{) in MgB» has been a cen-  also has been found that although C tends to severely react
tral topic for extensive research efforts since the discovery with MgB,, by controlling the preparation procedure, nano
of superconductivity in this compound]. Many groups particle C doping can also enhance theat high field[9].
have attempted to improve the critical current density in this Slusky et al[10] have shown that Al can aggressively react
superconductor as it has lowElg, and Hj; than the com- with MgB, and substitute into the Mg position, leading to a

mercial low temperature superconductorssSib and NbTi. loss of superconductivity. However, it was found tha;@g
High critical current density values above®#cm? have is more stable than SiOin terms of reaction with MgB
been achieved in MgBboth in pellets and tapdg,3]. Ex- [11]. Therefore, A}O3 could be a possible candidate chem-

periment results revealed thitdrops rapidly with increas-  ical dopant, if doping can produce nano-sized precipitates
ing magnetic field due to poor flux pinning, although grain to act as pinning centers. The magnetic field performance
boundaries are transparent to the current flow in M&8. of MgB2 could then be improved by doping with ADs.
Therefore, extensive research has been done on introducThe objective of this paper is to study the effects 0f@d
ing pinning centers into this superconductor. It has been doping on the superconductivity and flux pinning of MgB
found that inclusions of oxygen or precipitates of nano-MgO superconductor.
can act as effective pinning centers in Mg#iin films [5].
Nano-sized chemical inclusions such as Si, S#0d Y>,03
were also reported to enhance flux pinnj6g8]. Dou et al. 2. Experimental
[2] have achieved 8. enhancement in high fields by more
To avoid a high level of Al substitution in the Mg posi-
* Corresponding author. Tekt61-2-4221-5770; tion, pre-reacted 'and pommercially available Mgi®wder
fax: +61-2-4221-5731. has been used in this work. Samples were prepared us-
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Acer) and nano-sized AD3 with an average patrticle size of
30 nm. The starting powders were weighed out according to
the nominal composition of Mg+ x wt.% Al>O3 (x = 0,

5, 10). Powders were well mixed through grinding by mortar
and pestle. Pellets 10 mm in diameter and 3 mm in thickness

were made, then sealed in an Fe tube and subjected to heat

treatment at a temperature of 830D for 40 min in flowing

high purity Ar. The phase formation and microstructures of
the samples were determined and investigated by SEM and
XRD. The magnetization of samples was measured over
a temperature range of 5-30K using a Physical Properties
Measurement System (PPMS). Samples were cut into the
form of bars from the as-sintered pellets. All the samples
have almost the same size§0nmx 1.7 mmx 2.9 mm). The
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Fig. 2. The Ac susceptibility of MgB samples doped with 0, 5 and

T. was determined by measuring the real part of the ac sus-10wt.% nano-sized AD3. The inset shows the magnetic hysteresis loops
ceptibility at a frequency of 117 Hz and an external magnetic for the pure sample at 5-30K.

field of 0.1 OeT. was defined as the onset of diamagnetism.

3. Results and discussion

Fig. 1shows the XRD patterns for the three different sam-
ples prepared for this work. All the samples are revealed to

transition width of samples made using the reaction in situ
[2]. For the doped samples, tfig decreases with increas-
ing doping level.T; values of about 36.9 and 36.6 K were
found for the 5 and 10wt.% doped samples, respectively.
Despite the small reduction in thie values of the samples,
the doped samples show a wide transition width above 20 K.

be single phase and can be very well indexed with the spaceThis is in agreement with the increasing amount of MgO

group P6/mmm. It can be seen that there are no diffraction
peaks related to ADs3 in the doped samples, indicating that
this powder is reacted with the MgRluring the heat treat-
ment. The pure sample consists of a main phase, MgB
with minor phases of MgO<5%) and MgRB. The amount
of MgO impurity increases as the doping level increases.
This is possibly due to the decomposition 068k, making
oxygen available for Mg oxidation.

Fig. 2 shows theT. for the doped and undoped samples
determined by ac susceptibility measurements. Then-
set for the undoped sample is about 37.9 K which is slightly
lower than for samples prepared by the reaction in situ tech-
nique[2]. This sample also shows a relatively sharp transi-
tion with a transition width of about 2.1 K, larger than the
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Fig. 1. XRD patterns of MgB+ xwt.% Al,O3 composition forx = 0,
5, 10.

impurities in the samples, with the connection possibly due
to the oxidation of the surface of grains, resulting in weak
links. The grains are disconnected at high temperature, then
gradually become connected at lower temperature which re-
sults in a large transition width. This phenomenon can be
seen also in the weak link superconductors such as YBCO.

An inductive J; was derived from the height of the mag-
netization loop 4 — H) using the Bean ModelJt = 20
AM/[a(1 — a)/3b))] with a < b and magnetic field paral-
lel to the longest sample direction). The measured magnetic
hysteresis loops at 5, 10, 15, 20, 25, and 30K for the pure
MgB, sample are presented in the insefaf. 2

Jc values versus field at 5, 10, 20 and 30K are plotted in
Figs. 3 and 4Zero fieldJ. values as high as # 10° and
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Fig. 3. TheJ; field dependence of MgBsamples doped with 0, 5 and
10wt.% AbOs at 5 and 20K.
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Fig. 4. TheJ; field dependence of MgBsamples doped with 0, 5 and
10wt.% ALO3 at 10 and 30K.

8.0x10* | 5Km MgB,+ x wt% AL O,
6.0x10" 10K
= '\
£ 4.0x10* - 20Ko I =
T A
2.0x10* © o
30K
B A S e
ool : ‘
0 5 10
%AlL0

Fig. 5. The irreversibility field for MgB samples doped with 0, 5 and
10 wt.% of nano-sized AD3 at 5, 10, 20, and 30K.

2 x 10° Alem? were found for the pure samples at 5 and

10K, respectively. However, th& values decrease rapidly

as the magnetic field increases. This again confirms that
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state reaction using pre-reacted MgHResults show that
the critical current density and irreversibility fields decrease
significantly with increasing AlOs levels.T; drops slightly
from 37.9 to 36.6 K, but with a very wide transition width
of above 20 K. The amount of MgO was found to increase
with increasing A$Os levels, probably indicating that Mg
was replaced by Al with excess forming extra MgO and
possibly producing weak links.
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