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Based on dc magnetization measurements, the temperature dependencies of the trapped magnetic
field have been calculated for two MgBsamples prepared by two different techniques:
high-pressure sintering and hot pressing. Experimentally measured trapped field values for the first
sample coincide remarkably well with calculated ones over the whole temperature range. This
shows, on one hand, the validity of the introduced calculation approach, and demonstrates, on the
other hand, the great prospects of the hot pressing technology for large scale superconducting
applications of the MgB. © 2003 American Institute of Physic§DOI: 10.1063/1.1629148

Magnesium diboride is a promising superconducting mapolycrystalline structure without cracks and is 28 mm in di-
terial with a critical temperature of about 40 K. High.  ameter and 11 mm in height. The trapped magnetic field at
values and the simple chemical composition of Mdive the center of the sintered sample was measured by a Hall
made it an interesting object for applied investigations withprobe for different temperatures from 6 to 33 K. The result-
significant potential for use in superconducting motors, fly-ing temperature dependence of the trapped field has a nega-
wheels, and bearings. The key parameter for such applicaive curvature and tends to saturation at low temperatures
tions is the maximum trapped field in the sample and itgsee Fig. 1, cross symbglsThe other sample was prepared
temperature dependence. This, in turn, is closely connectday ball milling of Mg and B powders at ambient tempera-
both with the critical current density and with the size of tures followed by hot pressinfgwhich we call “ball milled.”
superconductor. It consists of spherical nanocrystalline grains about 40—100

Since the discovery of superconductivity in MgBre-  nm in size that distinctly improve pinning due to the large
searchers had to deal with tiny samples that were not suitableumber of grain boundaries. For this sample the trapped field
for large scale applications. Now, the situation has changedould not be measured because of its small size.
and several techniques have been developed to produce high To calculate the trapped field one should know the tem-
quality MgB, bulk polycrystalline samples of a few centime- perature and field dependencies of the critical current density
ters in diameter and with the critical current densities up taJ.(H,T) of the superconductors. For dc magnetization mea-
10°-1¢F Alem? 12 surements small bar-shaped pieces of both samples have

It is remarkable that, in contrast to the high temperature
superconductors, the grain boundaries in bulk magnesium
diboride superconductors do not act as weak IfiRsThis 4 . MgB,
significantly simplifies the growth of bulk samples suitable ] Teel D ooy
for large scale applications. RN — = ball-milled (caloulation)

In this letter we focus on an important property of the & 5+ N
bulk superconductor—the trapped magnetic field. We calcu~3
late its temperature dependency from dc magnetization dat& N
using an iteration approach. We show that the trapped fielcé 31 N
values measured experimentally are in excellent agreemerg
with the calculated ones. This enables prediction of the ex-
pected values of the trapped magnetic field in larger samples 1+
which are presently under development. ' _ . ' . '

We have studied two MgBbulk samples prepared by 5 10 15 20 25 30 35
different techniques. One of them was sintered under high Temperature (K)

pressure as described in Ref. 6. The sample has a uniform

FIG. 1. Temperature dependencies of maximum trapped field in bulk,MgB
samples prepared under high-pressure sintgrimgasuregand ball-milled
¥Electronic mail: vrv@imp.kiev.ua (calculated techniques.
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! For the ball-milled MgB sampleJ.(H,T) curves can
——6K also be described by Eql) (see Fig. 4 in Ref. ){ but the

o functionsb(T) andJ(T) are different:

_4_:§§ _ _ 29312 _ _ 21312
ok b(T)=bo[1—(T/T)“ 17 I(T)=Jo[ 1= (T/T) 175,
—x—25K 3
—%—30K

c
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where the corresponding parameters drg=34 K, by

NN
\ \\\:\\ =2.78 T, andJ,=8.5x 10° A/lcm? (see Fig. 3, squargs
5 N

The results obtained show that the critical current den-

p% \\} sity depends strongly on temperature. For the high-pressure
X \ \ \ &. sintered sample the values &T) andb(T) are about 2.5
03 T : LI I . ;  times lower than those of for the ball-milled sample. On the
Magnetic field (T) other hand, the latter sample has a much stronger power

dependence a¥(T) andb(T) on temperature.
FIG. 2. Field dependencies of critical current density at different tempera-  Further calculation of the trapped field from a known
tures for the high-pressure sintered Mg&ample.J.(H) curves were ob-  j (H T) function is a nontrivial task. According to the Biot—
tained from dc magnetization data. Savart low, the magnetic field generated by the supercur-

rent J; flowing in the volume of sampl¥ is
been used. Then, th&(H) curves were obtained from the

magnetization loop (H) using the conventional expres- 1

sionj¢(H)=20-AM(b—b?3l), whereAM is the difference HN=¢ f Je(H, p)X| |3d P @

in the magnetizatioriin emu/cn?) measured for increasing

and decreasing applied fields,and| are the sample width As Jcis a function ofH, it is necessary to solve this integral
and length in cm, respectively, arjgis obtained in A/crA. equation in order to calculate the trapped field values.

For the high-pressure sintered sample a set g¢H) To simplify the problem we assume homogeneity of the
curves presented in Fig. 2 in logarithmical scale are practiSample, i.e.(1) that the critical current density does not de-
cally linear for low fields up to the level ofJ,  Pend on coordinatp explicitly and(2) that the currents flow
=10* A/lcm?. This indicates an exponential decay of critical &l0ng concentric circles. Then, the field component normal to

current density with increasing field the sample surfacé{,, can be written in cylindrical coordi-
natesr=(r,¢,z) andp=(p,,{) as follows:
Jo(H, T)=J(T)exd —H/b(T)], ()
V\{he:e J(T) and b(T) are temperature-dependent coeffi- Hz(r):%fVJC(HZ)f(r,p,¢,§)pd3p, (5)
cients.

The dependencies of(T) and b(T) for the sintered where
sample, shown in Fig. 3 by circles, can be well fitted to the

expressions p—1r COSi
f(r,p,,0)= - :
b(T)=bo[1—(T/T)?,IM = [1-(T/TY)]. (2 (0= = cosun?+ (p s+ (2 DA
Here, T,=37.5K is the critical temperature, wherebg d3p=dpdydc.

=0.9T and J,=3.1x10°> A/lcm? are fitting parameters,

which characterize an effective field of supercurrent decayl he resulting field profile has a cylindrically symmetric form

and a maximum critical current density at zero field and temWith the maximum at =0.

perature, respectively. The integral Eq(5) can be solved foH(r) numerically
using an iterative procedufe:

| ™ 1
S HiaD= [ 3HOTEp 0000, ©

204 4
* until [H; ,;—H;|/H;<e, where dimensionless quantityis a
451 desired accuracy of calculation. Here, the profile obtained is
used to calculate the current in the next step of iterations. We
301 chose an initial profilddy(r) = const to start the calculation.
One should note that we calculate the trapped field pro-
file numerically in each step and cannot define thé)
00 , . , 0o . . . . function in every point. Therefore, we should discretize Eq.
‘°T 2 (K)” “© o ‘°T ":m woon (5) and divide the cylindrical sample intd concentric tubes
* emperatare (0 of width A= R;/(N—1) and then calculate the field in each

FIG. 3. J(T) andb(T) coefficients ofJ(H) curves[see Eq(1)] for MgB, pointr, ,k=0---N—1 as a sum of fields from all tubes:
bulks. Symbols represent experimental data for high-pressure sintered

(circles and ball-milled(squares samples. Solid lines represent fitting re-

sults, which is de_scribed by formul&®) and(3) for sintered and ball-milled H(r)=— E f ‘JC[H(pj)]f(rk P ,w.ﬁ)p;dwdé (7
samples, respectively. Cj=0
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wherer, =KA, Ry is the radiusL is the height of the cylin- dence of the trapped magnetic field for two MgBulk
drical sample, and the integration here is made @vigom 0  samples prepared using different techniques. We used dc
to 27 and over{ from —L to O. magnetization data and an iteration approach to solve the

From Eq.(7) the field profile for a giverd.(H) function  Biot—Savart equation. Experimentally measured trapped
is obtained using iteration®). In the case ofl.(H)=const field values for the high-pressure sintered sample are in ex-
the calculation produces a conical Bean profile with thecellent agreement with the calculated ones over the whole
maximum in the center of the sample. To reach an accuraciemperature range. The correctness of the calculation al-
of £e=0.1% it is sufficient to make just 16 iterations with lowed us to predict the expected values of the trapped field in
N=14 tubes. Moreover, the method of calculation has nahe ball-milled sample, which revealed the great prospects of
fitting parameters and uses only experimedidH,T) data.  this technology for large scale applications of superconduct-
The calculated temperature dependence of maximum trappeéag MgB, .
field for high-pressure sintered and ball-milled MgB
samples are represented in Fig. 1 by the solid and dashed
lines, respectively. 1J.-S. Rhyee, C. A. Kim, B. K. Cho, and J.-T. Kim, Appl. Phys. L&,
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! M. Kambara, N. Hari Babu, E. S. Sadki, J. R. Cooper, H. Minami, D. A.

in the whole sample volume can be calculated correctly on cardwell, A. M. Campbell, and I. H. Inoue, Supercond. Sci. Techbé).
the base of], measured locally in a small piece of the L5 (2001.
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sample. This provides one more evidence of the lack of Y- Bugoslavsky, G. K. Perkins, X. Qi, L. F. Cohen, and A. D. Caplin,
P p Nature(London 410, 563 (2007).
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