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We have studied the trapped fieddg and the critical current densiti of the
large MgB bulks fabricated by a capsule method. The maxirBgwalues of the
bulks with 20 mm, 30 mm, and 38 mm in diameterpeetively, were 1.43 T at
135K,15Tat16.5K, and 1.77 T at 15.5 K. Tinease in th&y value with
diameter at 20 K was smaller than that expectedhleyBean’s critical state
model. TheJ; values were 1.2-1610° A/cm? for the 20 mm diameter bulk and
0.7-1.3< 10° A/lcm? for the 30 mm diameter bulk at 20 K in the se#dj which
can explain the suppression in Befor the larger bulks.

INTRODUCTION

Since the discovery of superconductivity in Mg®ith the critical temperaturé.=39 K, it has been
researched for the practical applications, sucliess and thin films. Several groups reported gB,
bulk trapped the tesla-order magnetic field [1,T2je Br value of about 2.3 T at 6 K was obtained for the
MgB. bulk with 28 mm in diameter and 11 mm in thicknedsch was sintered under high pressure of 2
GPa [1]. And also, Yamamoto et al. reported theT1MgB, magnet at 17 K with 20 mm in diameter and
5 mm in thickness [2]. Such a tesla-class supenottitdy bulk magnet has been mainly studied using a
single grain of RE-Ba-Cu-O (RE: rare earth elemenitk by field cooling [3]. However the RE-Ba-Cu-O
bulk needs the crystalline orientation, becauserttergranular weak links become lower theOn the
other hand, for the MgBbulk, we can ignore the problem of intergranulagaw links even in
polycrystalline samples because of their long cehes length [4]. Therefore, the stronger Mdiilk
magnet can be produced by the enlargement of tkediameter.

In this paper, we report the trapped fidbd, and the critical current density, of large MgB bulks
with 20-38 mm in diameter fabricated by the capsuéthod.

EXPERIMENTAL

MgB, bulks were prepared by the capsule method [5].
Figure 1 shows the schematic image of the capRaw.
powder of Mg (99% in purity,=180 x m in grain size)
and B (99% in purity, 300 mesh in grain size) were,
weighted with 1.1:2.0 in molar ratio and ground.eTht™
mixture was pressed into pellets under an uniaXia
pressure. The precursor pellet was set in the dibtee
stainless steel flange, covered by the stainlesd ptates,
and finally closed by the other flange with the pep
gasket using the bolts and nuts. The stainless$ [dites
were inserted to prevent the reaction of Mg with &hal ,
the expansion of the pellet during the sinteringne T E=
precursor pellet was prepared in air and the capsals
sealed in Ar-atomosphere using a glove box. Theedo
capsule was sintered at 800 for 6 h in a box furnace
and cooled down to room temperature by furnaceimgol Figure 1 Schematic illustration of the closed cégpsu
The MgB bulks with 20 mm diameter bulk, 30 mm

diameter bulk, and 38 mm diameter bulk, respectjvelgre named M-20, M-30, and M-38. Sample
specifications are listed in Table 1.
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Table 1 Specification of the MgBbulks.

Sample nan Diameter Thickness Sintering temp.°C)  Sintering time (¢ Te (K) AT, (K) Max of Br
M-20 20.2 5 80C 6 38.1-38.¢ 1.1-1.2 1.437at13.5¢k
M-30 30.4 9 80C 6 38.238.4 1213 15Tat16.5|
M-38 38.4 9 80C 6 1.77Tat155

The MgB; bulk was magnetized by field cooling (FC) in a metic field of 5 T, and then the applied
field was decreased to O T at a rate of -0.22 T/miapped field was measured by a cryogenic Hakse
mounted on center of the bulk surface, and the ¢eatpre of the bulk was measured by a Cernox
thermometer which was also mounted on the bulkasetfWe evaluated, and J. by measuring the
magnetization using several small pieces cut froenkulk after the FC magnetization measuments. The
magnetization was measured using a commercial SQu#dgnetometerJ. was estimated from the
hysteresis loop using the extended Bean model.
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RESULTS

Figure 2 shows the temperature dependence of the1 5
trapped field, Br(T), of the MgB bulks. The
maximum of theBr(T) values of M-20, M-30, and —~
M-38 bulks, respectively, are 1.43 T at 13.5 K, 1. ’5;
T at 16.5 K, and 1.77 T at 15.5 K. Inset of Fig. 2n_
shows the diameter dependence Baf at 20 K,
which are estimated by interpolatiig(T) curve,

for the MgB bulks. TheBr (20 K) value increases 0.5
with the increase of diameter, however the increase

1+

—— M-30 B 5T
in Br (20 K) is smaller than that expected by the —&— M-38

Bean’s model [6]. 0 | | i |
Figure 3 shows the powder X-ray diffraction 10 15 20 25 30 35
patterns of the M-20 and the M-30 bulks. The T (K)
observed peaks of both bulks represent mainly the  gigure 2 Temperature (gependence of trapped field
MgB; phase, but a small amount of impurities such Br(T). Inset shows the diameter dependence of the
as Mg, MgO and MgCGuphases were observed. trapped fieldBr at 20 K.
The MgCu results from the reaction of liquid Mg ‘ ‘ ‘ ‘
and Cu gasket. Since the distance between the M-20
precursor pellet and Cu gasket for the 30 mm
diameter bulk is closer than that for the 20 mm~
diameter bulk, the MgGuphase was detected only =
in the M-30. We consider that the amount of theu
MgCuw, phase contained at edge in M-30 is Iargeg\
than that at center in M-30.

Figure 4 shows the temperature dependence @
the normalized magnetizatioM(T), in a magnetic @©
field of 4 G after the zero-field cooling. Six pesc c
were cut from each MgBoulk, whose positions are ™
schematically shown in the figure. The critical
temperature,T;, defined at the midpoint of the
transition are 38.1-38.4 K for the M-20 bulk and
38.3-38.4 K for the M-30 bulk. The widths of the 20 30 40 50 60 70 80 90
transition, 4T., are 1.1-1.3 K for the M-20 bulk 29(deg.)
and 1.2-1.3 K for the M-30 bulk. The impurity
phases seem to deteriorate slightlyThe
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Figure 3 Powder X-ray diffraction patterns
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Figure 4 Temperature dependence of normalized niagtien for the M-20 (a) and M-30 (b) bulks. Thesftions
of the samples(A to F) cut from the bulk were shamwthe inset.
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Figure 5 Magnetic field dependence of the critmairent density at 20 K for the M-20 (a) and M-8) Bulks. Inset
shows the extended figure ofB from OT to 0.2T. The positions of the samples¢AF) cut from the bulk were
shown in the inset.

Figure 5 shows the magnetic field dependence ofthe 20 K. The measured samples are the same
as those for th#1(T) measurements. Thk values are 1.2-1610° A/cm? for the M-20 bulk and 0.7-1.3
X 10° Alcm? for the M-30 bulk. Thel, values of the M-30 bulk is lower than that of #e20 bulk. This
might mean that the MgGyhase does not act as pinning center and decréasstoichiometric MgB
phase in the M-30 bulk. This result is consisteithwhe suppression in thgr value of the bulk with 30
mm in diameter.

CONCLUSION

We measured the trapped magnetic field and thieariturrent density of the Mgkbulks with 20-38 mm
in diameter and 5-9 mm in thickness fabricatedngydapsule method. The important results are destri
below.

(1) The maximumB+(T) values of MgB bulks with 20, 30, and 38 mm in diameter, respebtyi were
143 Tatl135K,1.5Tat16.5K,and 1.77 T ablk.

(2) TheB+(T) values of MgB bulks come to 1.2-1.35 times when their diametenes to 1.5-1.9 times,
which is contrary to the Bean’s model.

(3) TheJ; values are 1.2-1610° A/cm? for the 20 mm diameter bulk and 0.7-X.30° A/cm? for the 30
mm diameter bulk at 20 K in the self field, whicdmncexplain the suppression in tBeof the larger bulks.
From the results of the powder X-ray diffractioritpens, the existence of Mggphase only in a 30 mm
diameter bulk is confirmed.
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