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Abstract−−−−The recent discovery of the binary metallic magnesium diboride (MgB2) superconductor having a remark-
ably high transition temperature (Tc) of 39 K has generated excitement among the scientist worldwide and gained great
scientific interest. Various methods (viz. PLD, solid state reaction etc.) are reported for the preparation of this material in
different forms (bulk, wire, thin film) which require a high processing temperature (750 to 950oC). In this paper, we
report a new method of processing MgB2 superconductor that meets all the properties when compared with other
processes. In this work, polycrystalline MgB2 was prepared by using melting process at low temperature (660oC). The
stoichiometric mixture of Mg-rich and B-rich was pressed into pellets and piled to form Mg-rich/B-rich/Mg-rich sys-
tem. The piled specimen was then heated up to 800oC for four hrs with a heating rate of 5oC/min. The sample was
then kept at 660oC for 12 hrs after cooling from 800 to 660oC in 30 min. For comparison, the sample was also sintered
at 660oC for 24 hrs. The samples were characterized by using XRD, EDX, SEM, four probe AC methods and magne-
tization measurements using SQUID magnetometer. The critical temperature was found to be 39 K which shifts towards
lower temperature with increasing applied field (0 to 9T). The critical current density, according to Bean’s critical state
model was estimated and found to be ~105 A/cm2, which is comparable to the reported data.
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INTRODUCTION

The un-expected discovery of superconducting properties of MgB2

at high transition temperature (~39 K) [Nagamatsu et al., 2001] has
produced an explosion of interest resulting in tremendous research
efforts concentrating on optimizing and understanding physical prop-
erties and synthesis. The origin of high Tc in this material seems to
be associated with the light boron atoms whose phonon frequency
spectrum plays an important role in enhancing the electron-phonon
interaction. The simple crystal structure (as compared to the copper
oxide based high temperature superconductors) [Kim et al., 1995,
2003; Sun et al., 1997], the low cost of the starting material, the me-
tallic charge carrier density and the strong coupling of the intergrains
in the polycrystalline form of MgB2 make this material a very prom-
ising candidate for technological uses, although the low value of
irreversibility field and the steep decrease and the critical current
density (Jc) with increasing magnetic field considerably lessen its
potential for applications. However, the growth of the film is com-
plicated by the large differences in vapor pressure (and possibly
mobility and adsorption coefficient) between boron and magne-
sium [Jung et al., 2001a; Nagamatsu et al., 2001].

Various methods are reported for the preparation of this binary
material in different forms (bulk, wire, tapes, thin film) using var-
ious technologies, viz. pulsed laser deposition, arc melting, conven-
tional solid state reactions etc. Canfield et al. have shown a method
to convert commercially available boron fibers into very low resis-

tivity wires and Takano et al. have measured the current carr
capacity of the hot-pressed pellets. Joshi et al. have studied th
perconducting properties of MgB2, prepared by heating process, i
the temperature range of 2-50 K.

The high volatility of magnesium and low decomposition tem
perature of MgB2 create difficulties for the preparation of smooth
homogeneous and epitaxial thin film. To overcome this probl
and to reach the bulk value of the transition temperature, ex
methods have been exploited. To date, reports on supercondu
MgB2 films with the highest zero resistance transition temperatu
Tc0 of up to 39 K, are based on magnesium diffusion into a bo
or Mg-B film at temperatures of 900-950oC and at high pressures
[Canfield et al., 2001; Jung et al., 2001a, b; Takano et al., 2001

According to the temperature-composition phase diagram of M
B system the crystal growth of MgB2 is possible from the Mg-rich
compositions at the temperature range where MgB2 co-exists with
the gas and liquid phases. Indeed, in 1973 the vapor transport m
od was utilized for crystal growth of MgB2 and MgB4 phases. The
MgB2 crystals were obtained by isothermal heat treatment of M
rich composition at 1,200-1,400oC and Mg vapor pressure 1-8 ba
in a sealed Mo container. It is worth noticing that all the repor
methods/techniques require high processing temperature (a
750 to 950oC).

In the present work polycrystalline MgB2 was prepared by using
the melting process at a comparatively low temperature (660oC),
than reported, in the pellet form of Mg-rich/B-rich/Mg-rich struc
ture. The samples were characterized by using XRD, EDX, SE
and four probe AC methods. The magnetization studies were 
ried out by using a SQUID magnetometer in the temperature ra
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of 10-30 K and in the magnetic field up to 6 Tesla. The results are
compared and discussed with the reported data.

EXPERIMENTATION

The MgB2 sample was prepared by mixing the stoichiometric
powders of Mg and B (99.999% and 99% pure, STREM chemi-
cals). The powders were pressed into three tablets in a mixing ratio
of Mg : B as 2 : 1, 1 : 4 and 2 : 1 at the pressure of ~200 Mpa. Var-
ious ratios of Mg : B combination were tried in order to achieve
the expected superconducting properties. It was realized that this
particular combination gives the best superconducting properties,
comparable to reported work [Joshi et al., 2001; Jung et al., 2001a;
Takano et al., 2001]. Each tablet was 1 mm thick and of 10 mm di-
ameter. The three individually pressed tablets were then piled in
Mg-rich/B-rich/Mg-rich structure [Park et al., 1998]. This piled spec-
imen was then heated to 800oC, which is the optimized temperature
for this composition, with a heating rate of 5oC/min and kept for
four hrs at this temperature. The specimen was then kept at 660oC
for 12 hrs after cooling from 800 to 660oC with a cooling rate of
5 oC/min. Hereafter, this process is referred to as the melting pro-
cess. For comparison, the piled specimen was sintered at 660oC for
24 hrs (further referred to as the sintering process).

Differential thermal analysis of the specimen was performed to
find the decomposition temperature, and the corresponding curve
is shown in Fig. 1. It is observed that it starts decomposing above
510oC. Based on this, 660oC was chosen as the calcination tem-
perature.

Bulk X-ray diffraction was carried out by using CuK radiation
in the Bragg angle ranging from 20 to 80 degrees. Information about
the surface morphology and particle size was obtained by using a
scanning electron microscope (Hitachi 650). The compositional de-
tails of the sample were obtained by using EDX.

The resistivity as a function of the temperature was measured
by the AC four-probe method. Magnetization on the sample was
measured by using SQUID magnetometer (Quantum Design) in
the temperature range of 10-30 K and in the applied fields up to 6
Tesla.

RESULTS AND DISCUSSION

Fig. 2(a and b) presents the X-ray diffraction patterns of the sp
imen prepared by the melting as well as the sintering process.
clearly seen that the sample largely consists of the desired M2

phase in both the cases. A peak of MgO is also seen which m
be due to the Mg-rich pellets on either side of the piled specim
EDX analysis shows ~70% of B and ~30% of Mg. The elemen
mapping was also carried out (using area analysis) in order to
derstand the spread or homogeneity of the Mg and B atoms, u
EDX. This analysis was carried out at the center of the pellet a
making a cross section. The mapping was carried out over an
of ~60×60 micro-m2. Fig. 3(a) shows the cross section SEM ima
of the pellet taken at the center. The image was taken at very
magnification in order to study big area for qualitative as well
quantitative analysis using EDX. Fig. 3(a and b) shows the scatt
the Mg and B atom, respectively. It can be seen that the atom
spread and mixed uniformly. From quantitative analysis it is fou
that the sample consists of ~70% of B and ~30% of Mg. Sim
analysis was carried out at many points from top to bottom of
pellet and it was found that the composition remains almost the s
(with a variation of ~1% of elemental composition). This indicat
that the elements are mixed well. The presence of MgO ham
the superconducting properties of the formulated material proviFig. 1. Differential thermal analysis of the piled specimen.

Fig. 2. Bulk X-ray diffraction pattern of sample prepared by (a)
melting process and (b) sintering process.
November, 2003
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the percentage is high. In the present work, only a small peak of
MgO is seen indicating that the portion is small (we did not esti-
mate the exact portion).

Fig. 4(a and b) shows the scanning electron micrographs of the
specimen prepared by the melting and sintering processes. Parti-
cles of uniform shape and size are seen in the case of the sample
prepared by melting whereas voids and particle agglomeration are
seen in the case of sintered samples. The melting process gives a
particle size of ~150 nm with a uniform distribution of particles.

Fig. 5(a) shows the variation in the resistivity of the sample, p
pared by melting process, as a function of operating tempera
(in Kelvin) at 0 Tesla. The transition temperature of the specim
is found to be 39 K, and the transition width is about 1 K for a 1
90% drop of the resistivity curve. The inset in Fig. 5(a) shows a v
iation at lower temperature range. The overall temperature de
dence of the resistivity follows a second order function of tempe
ture. Similar resistivity behavior has also been observed by o
researchers [Jung et al., 2001a]. When samples are studied 
various magnetic fields (0 T to 9 T), it is found that the transiti
temperature shifts to the lower side (from 39 K to 16 K) and 
corresponding data are presented in Fig. 5(b) as a function o
variation in resistance with temperature. The transition width 
creases from 1 K to ~7 K with increasing field.

Magnetization on the sample was measured by using a SQ
magnetometer (Quantum Design) with temperature ranging fr
10 to 30 K and the applied field was increased to 6 Tesla. Fig.
and b) shows the magnetization hysteresis loops (M-H curves)
tained at 10 K, 20 K and 30 K of the samples prepared by mel
and sintering process, respectively. It is observed that the varia
in magnetization with applied field follows the trend as reported
many researchers above 20 K. The trend at 10 K is different e
cially at low applied fields. The reason for such behavior may
due to unlocking of the SQUID loop as the maximum range 
SQUID is ±5 emu. It can be seen that magnetization value at 1
crosses ±5 emu.

The super current density according to Bean’s critical state m
el is given by Jc=30∆∆∆∆M/d, where ∆M is the hysteresis of the mag

Fig. 3. Cross section SEM image of the sample prepared by melt-
ing process. Distribution of (b) Mg atom and (c) B atom, at
the center of the pellet over ~60×60µµµµm2 area.

Fig. 4. Scanning electron micrographs of the specimen prepared
by (a) melting and (b) sintering process.
Korean J. Chem. Eng.(Vol. 20, No. 6)
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netization per unit volume (emu/cm3) at a given field and d is the
mean size of the particles. Assuming an average particle size (~15×
10−3 cm) and grains being insulated from their neighbor, the critical
density obtained at various fields and temperatures is plotted in Fig.
7. It is seen that the critical densities are fairly large and are of the
same order of magnitude as reported elsewhere [Amish et al., 2001;
Wen et al., 2001]. In case of MgB2, it is well known that the inter-
grain coupling is good; therefore, there can be a difference in the Jc

value depending on the assumption of particle sizes.

CONCLUSION

In the present work polycrystalline MgB2 was prepared by us-
ing the melting process at low temperature (650oC) by preparing
the piled specimen of Mg-rich and B-rich pressed pellets to have
Mg-rich/B-rich/Mg-rich structure. From diffraction analysis it was

Fig. 5. (a) Variation in the resistivity of the sample, prepared by
melting process, as a function of operating temperature (in
Kelvin) at 0 Tesla field. Inset shows the variation at lower
temperature. (b) Variation in the resistance of the sample,
prepared by melting process, as a function of operating tem-
perature (in Kelvin) at varying field (0 to 9 T).

Fig. 6. The magnetization hysteresis loops (M-H curves) obtained
at 10 K, 20 K and 30 K for the sample prepared by (a) melt-
ing process and (b) sintering process.

Fig. 7. The critical density obtained at various fields and tempera-
tures using Bean’s critical sate model for the sample pre-
pared by melting process.
November, 2003
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found that sample largely consists of the desired MgB2 phase. SEM
image shows a uniform shape and size distribution of particles pre-
pared by the investigated method. The transition temperature of the
specimen was found to be 38 K and the transition width was about
1 K for a 10-90% drop of the resistivity curve. The transition tem-
perature shifts to the lower side when tested at increasing field. M-
H studies show that the sample follows the variation trend as re-
ported elsewhere. According to Bean’s critical state model, the cri-
tical current density is fairly large (~107 A/cm2) and is comparable
to the reported data. In conclusion, it can be said that the MgB2 can
be processed by the suggested method, meeting all the properties
when prepared by conventional methods with the advantage of low
temperature processing.
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