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We report optimization of the synthesis parameters viz. heating temperature (TH), and
hold time (t"°!) for vacuum-annealed (10~° Torr) and LN2 (liquid nitrogen) quenched
MgB, compound. These are single-phase compounds crystallizing in the hexagonal struc-
ture (space group PG/mmm) at room temperature. Our XRD results indicated that for
phase-pure MgB,, the TH for 10~5 Torr annealed and LN3z-quenched samples is 750°C.
The right stoichiometry i.e., MgB, of the compound corresponding to 10~5 Torr and TH
of 750°C is found for the hold time (¢P°1d) of 2.30 hours. With varying t"°!d from 1-4
hours at fixed TH (750°C) and vacuum (1072 Torr), the c-lattice parameter decreases
first and later increases with t?°1d (hours) before a near saturation, while the a-lattice
parameter first increases and later decreases beyond a tP°ld of 2.30 hours. The c/a ratio
versus t2°!d plot showed an inverted bell-shaped curve, touching the lowest value of 1.141,
which is the reported value for perfect stoichiometry of MgB,. The optimized stoichi-
metric MgB, compound exhibited superconductivity at 39.2 K with a transition width
of 0.6 K. In conclusion, the synthesis parameters for phase pure stoichimetric vacuum-
annealed MgB, compound are optimized and are compared with widely-reported Ta
tube encapsulated samples.
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1. Introduction

The discovery of superconductivity at 39 K in MgB, has attracted a lot of attention
from both condensed matter experimentalists and theoreticians.! The appearance of
superconductivity at 39 K seems to be just at the limit of BCS theory. In fact, clear
evidence for the isotope effect has already given an indication that phonons play an
important role in the pairing mechanism in this compound.? The compound had
yvet been studied rigorously in terms of its crystal structure, thermal and electrical
conduction,>™ specific heat,%7 isotope effect>® and doping.®~1° Based on various
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physical property measurements, important critical parameters of the compound
viz., critical superconducting temperature (7;), coherence length (£), penetration
depth (X), critical current (J.) and lower/upper critical fields H., /H.2 have yet
been determined and reviewed.'!:!2 In fact the superconductivity of MgBz is much
simpler in comparison to the yet mysterious HTSc (High T. superconductivity)
cuprates. In particular MgB5 has a simpler structure, low anisotropy and larger co-
herence length. Most interestingly MgBso possess higher quality grain boundaries, 3
which permit excellent current transport. Higher quality grain boundaries and
better superconducting critical parameters of MgBs provide an edge over HTSC
cuprates. A higher T, of 40 K and better material properties respectively in com-
parison to so-called inter-metallic BCS-type superconductors and HTSc cuprates
makes MgB, a unique superconductor. Very recently an avalanche of activity had
taken place in terms of high quality MgBs, tapes and wires.'#1® Less anisotropy and
high quality grain boundaries are further improved by nano-sized particle doping.
Various nano-sized dopants prefer to stay at low angle grain boundaries and thus
improve dramatically the transport properties of the compound.'%17

Interestingly enough, though the importance of the MgBs superconductor is
realized by both theoreticians and experimentalists, the quality of the material
in terms of its phase formation, right stoichiometery, grains size/connectivity and
porosity etc. still warrants improvements. Pure phase MgBsy can be synthesized
in an oxygen-free environment from 700°C to 1400°C, respectively, in vacuum
(1075 Torr) to high pressure of argon gas.'®19 We report here the optimization of
the synthesis parameters, viz. heating temperature (7'7), and hold time (¢"°!9)
vacuum-annealed (1075 Torr) and LN» (liquid nitrogen) quenched Fe-tube encap-
sulated MgBs compound. The optimized stoichimetric MgBs compound exhibited
superconductivity at 39.2 K with a transition width of 0.6 K.

for

2. Experimental Details

Various MgBs compounds were synthesized using high quality Mg and B powders,
by mixing them in stoichiometeric ratio. The mixed and ground powder were further
palletized. The pellets were then put in a closed end soft iron (SS) tube. The SS
tube which contains the raw MgBs pellet was then sealed inside a quartz tube at
high vacuum of 1075 Torr (see Fig. 1). The encapsulated raw MgB, pellet is then
heated at desired heating temperatures (7) with a hold time (7"°) and is finally
quenched in liquid nitrogen (LN3). X-ray diffraction (XRD) patterns were obtained
at room temperature using Cu-K,, radiation. Resistivity measurements were made
in the temperature range of 12 to 300 K using a four-point-probe technique on a
close cycle refrigerator (CCR).

3. Results and Discussion

Figure 2 depicts the room temperature XRD (X-ray diffraction) patterns of var-
ious MgBs compounds being synthesized at a fixed T of 750°C and different
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Fig. 1. Photograph for SS—Fe tube-inserted and quartz tube-encapsulated MgB2 raw compound.
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Fig. 2. X-ray diffraction patterns for 750°C and 10~ Torr vacuum-annealed MgB2 samples with
different TPld,

Thold ranging from 1 hour to 4.30 hours. All the samples crystallized in hexagonal
(Pg /mmm) structure without any noticeable impurity. What is worth mentioning
is the fact that for a T4 of either less/more than 1 hour/5 hours with T of
750°C, the resultant material were not single-phase. In fact, a very small impurity
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Fig. 3. Lattice parameters a and ¢ versus 77014 plot for 750°C and 10~5 Torr vacuum-annealed
MgBg samples.

of Mg at 2 (theta) = 37 degrees is seen for the samples having 774 of either 1
hour or 4.30 hours, along with some amount of MgO at 63 degrees in all samples.
Also we found that with either higher or lower T than 750°C, the resulting MgB,
samples were not single-phase. What is worth mentioning is the fact that T of
750°C corresponds to vacuum annealing of 10~° Torr. In fact, it is reported that
pure phase MgBy can be synthesized in an oxygen-free environment from 700°C
to 1400°C, respectively, in vacuum (10~° Torr) to high pressure of argon gas.8:1?
Here in this article we focus our attention on the optimization of vacuum-annealed
(10~ Torr) MgBs in its single phase region.

Lattice parameters a and ¢ for MgBs compounds being synthesized at a fixed
TH of 750°C and different 7"°'9 ranging from 1 hour to 4.30 hours are plotted in
Fig. 3. It is seen that, the c-lattice parameter decreases first and later increases
with #P°!4 (hours) before a near saturation, while the a-lattice parameter first in-
creases and later decreases beyond a t"°d of 2.30 hours. The ¢/a ratio is plotted
in Fig. 4, which shows an inverted bell-shaped curve, touching the lowest value of
1.141. Interestingly, the 1.141 (¢/a) value corresponds to the t'°d of 2.30 hours.
It is reported earlier through various experiments regarding the phase formation
of MgB; that the ¢/a ratio of this compound touches the value 1.414 for perfect
stoichiometry of MgBs, without any deficiency of Mg.2° This shows that we have
achieved perfect stoichiometry of MgBs without appreciable Mg deficiency at a
Thold of 2.30 hours and T of 750°C in a vacuum of 10~° Torr.

Resistance (R) versus temperature (T') plots for 750°C and 10~5 Torr vacuum-
annealed samples with different 7P°'4 of 1 hour to over 3 hours are given in
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Fig. 4. c/a versus TP plot for 750°C and 10~° Torr vacuum-annealed MgBs samples.
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Fig. 5. R(T) plots for 750°C and 10~° Torr vacuum-annealed MgBs samples with different 72ld,

Fig. 5. Generally speaking, all the samples are metallic with their superconducting
transition temperature (7¥=) in the range of 37 K to 39.2 K. The optimum super-
conductivity is achieved for a T4 of 2.5 hours with T.7=0 of 39.2 K and transition
width (72"t — TE=0) of around 0.6 K.

As far as normal state (above T°"¢%) behavior is concerned, it is in general
agreement with reported data on MgBs polycrystalline samples. The R(T) has a
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near constant metallic slope down to say 100 K, and later it seems to follow the
power law with a much less positive slope. The ratio of resistance (RR), which is
generally defined as R300/ Ronset 1S close to 3.0. In literature, the RR has been found
up to above 16.0 in good quality MgBs samples.'?! RR is found to be lower for
disordered samples, for example in MgB,_,C, compounds, the RR comes down
to say 1.5.2! It seems that though we achieved phase pure stoichiometric MgB,
as indicated by a ¢/a ratio of 1.141 for the optimized sample, the disorder being
created by a possible Fe inclusion in the material cannot be ignored. Generally, the
encapsulation done in the Ta tube instead of the SS—Fe tube helps in achieving the
better quality of MgB,. Our results indicate that SS—Fe encapsulation gives rise
to the Fe-induced disorder in MgBs and hence is not the right choice for attaining
disorder-free MgBs. However, the present disorder induced pinned samples could
be the right choice for high critical current (.J.) applications.??

In conclusion, the synthesis parameters for phase pure stoichimetric vacuum-
annealed MgBs compound are optimized and its superconducting properties are
compared with the widely reported Ta tube-encapsulated samples.
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