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Abstract

We have obtained the induced critical current density, Jc / DM , with DM taken from hysteretic magnetization loops

measured for temperatures between 5 and 35 K, in a sample of aligned MgB2 crystallites. We found an almost tem-

perature independent ratio Jab
c =Jc

c � 1:5, between the critical current density parallel and perpendicular to the ab planes.
This latter result follows closely the expected dependence of Jab

c =Jc
c � nab=nc � 1:7, where nab and nc are the corre-

sponding coherence length values. Uncertainties related to the evaluation of geometric factors and subtraction of a

magnetic background are also discussed.
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1. Introduction

The strongly anisotropic crystalline structure of
MgB2 has been known [1,2] for almost 50 years

before the recent discovery of superconductivity

in this binary compound [3]. Then, it was not a

surprise when specific heat studies done in poly-

crystalline samples [4] as well as band structure

calculations [5] pointed to a possible anisotropic

nature of the electronic and magnetic properties of

MgB2. The first direct measurement of an aniso-
tropic superconducting property was achieved for

the bulk nucleation field Hc2, in samples of aligned

MgB2 crystallites [6]. A ratio c ¼ Hab
c2 =H

c
c2 � 1:7

between the critical field parallel to the ab plane

and parallel to the c-axis direction was found.

Since then, different groups have found values of c
between 1.1 and 6, using different types of samples

and different techniques to characterize the nor-
mal–superconducting transition [7]. In our view

the large scattering of reported c values could be

ascribed mainly to three factors [8]: (1) the sample

purity, since it affects directly the energy gap

anisotropy at the microscopic level; (2) the exper-

imental criterion used to define a reliable super-

conducting bulk transition; (3) the temperature

dependence of c that could be originated from a
temperature dependent gap anisotropy. Indeed, re-

cent reports [9,10] have shown that c goes from �2

to �6 when T varies between �39 and �15 K.

Although no experimental results of Jc anisot-

ropy in MgB2 has been reported yet, it was an-

ticipated [8] that the in-plane critical current

density values, Jab
c (for Hkc), should be at least

about 60% higher than the values along the c-axis
direction, Jc

c (for Hkab). This outcome is expected
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because Jc is proportional to n2, where n is the

anisotropic coherence length, therefore [11] Jab
c =

Jc
c � nab=nc � Hab

c2 =H
c
c2. In this paper we present

results which are consistent with this latter state-

ment. We use the Bean�s model [12] to analyze a

series of hysteresis loops M � H , taken between 5
and 35 K, in a sample of aligned MgB2 crystallites.

2. Results and discussion

We measured a sample of well-aligned MgB2

crystallites whose preparation details have been

described elsewhere [6]. Briefly, a MgB2 powder of
almost 100% crystallites, was obtained from a

weakly sintered material reacted at T ¼ 1200 �C,
much higher than the currently reported temper-

atures below 900 �C. By spreading this powder on

both sides of a piece of paper we aligned the

crystallites with their ab planes sitting on the paper

surface. Several samples were then mounted con-

sisting of a pile of five squares of 3� 3 mm2, cut
from the crystallite-painted paper and glued with

epoxy resin.

Measurements of the magnetic moment as a

function of the applied magnetic field, for several

temperatures below Tc ¼ 39 K, were performed

with a SQUID magnetometer (model MPMS-5),

made by Quantum Design. The average crystallites

dimensions were 10� 10� 2 lm3, determined by
visual inspection of several of them. An estimate of

the total volume of crystallites in the sample gives

0.06 mm3, in agreement with a value that produces

a slope DM=DH ¼ �1=4p for the region of dia-

magnetic shielding at H � 0. In order to subtract

the magnetic background present in all measure-

ments [6] the same type of measurements were

repeated at temperatures above Tc (not shown
here). No significant temperature dependence was

observed for the hysteresis loops measured at

several temperatures from 45 to 80 K, in the low

field region. Thus, the loop obtained at T ¼ 45 K

was taken as a good approximation for the mag-

netic background, in the entire temperature range

going from 5 to 35 K. The fully corrected mag-

netization curves are presented in Fig. 1, for (a)
Hkc and (b) Hkab. The remanent magnetization

values, in both field directions, can be seen in the

insets of Fig. 1. To avoid complications associated

with demagnetizing effects we will restrict the

present analysis only to the case of H ¼ 0.

The critical current density can be estimated

from the corrected magnetization curves of Fig. 1,

if one assumes the occurrence of uniform gradients

in the flux density distribution inside the crystal-

lites. According to the Bean�s critical state model
[12] Jc is proportional to the width of the hysteresis

loop and for a slab geometry reads

Jc ¼
40jDM j

tð1� t=3wÞ ð1Þ

where t < w are the sample dimensions perpen-

dicular to the applied field and jDM j is the mag-

Fig. 1. Magnetization loops for applied fields H (a) perpen-

dicular and (b) parallel to the crystallites planes after sub-

tracting the magnetic background measured at T ¼ 45 K. The

insets are enlarged views near H ¼ 0, showing the remanent

magnetization in each temperature.
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netization loop width. Notice that the sample used

in this work is formed by a collection of isolated

crystallites, so t and w appearing in Eq. (1) refer to

the crystallites dimensions, instead of to the whole
sample dimensions.

The ratio Jab
c =Jc

c was determined by evaluating

jDM j at H ¼ 0, followed by the use of Eq. (1)

to both field orientations. Fig. 2 shows that

Jab
c =Jc

c ¼ 1:5� 0:1, between 5 and 30 K and drops

suddenly at T ¼ 35 K. The large error bars shown

in Fig. 2 reflect essentially the uncertainty in the

crystallites sizes, taken to be a ¼ b ¼ 10� 4 lm
and c ¼ 2� 1 lm. Based on this evaluation it is

safe to conclude that we found an anisotropy ratio

Jab
c =Jc

c of the same order of the Hc2 anisotropy

measured in the same sample [6]. A confirmation

of this outcome through measurements taken on

larger single crystals, or well-textured samples, is

highly desirable. In this case, we expect also a large

scattering of Jab
c =Jc

c values coming from different
works. Perhaps this will be even larger than what

has been observed for Hab
c2 =H

c
c2 [7], since the critical

current density is a much complex variable that

depends also on pinning of vortices and hence

depends more strongly on sample quality.

3. Conclusions

Measurements of the critical current density

anisotropy in MgB2 have not been reported yet,

although this has been an expected result [6,8,13].
Here we presented an experimental evaluation that

gives an almost temperature independent ratio

Jab
c =Jc

c ¼ 1:5� 0:1, between the critical current

density parallel and perpendicular to the ab planes

of a sample formed by aligned MgB2 crystallites.

This result is consistent with the anisotropy value

of Hc2 (c � 1:7) measured previously [6] in the

same sample. Therefore, we conclude that in order
to optimize Jc in MgB2 wires or other polycrys-

talline components some texturization technique

will be useful.

Acknowledgements

The authors acknowledge the financial support
from the Brazilian Science Agencies FAPESP and

CNPq.

References

[1] V. Russel, R. Hirst, F.A. Kanda, A.J. King, Acta

Crystallogr. 6 (1953) 870.

[2] M.E. Jones, R.E. Marsh, J. Am. Chem. Soc. 76 (1954)

1434.

[3] J. Nagamatsu, N. Nakagawa, T. Muranaka, Y. Zenitani,

J. Akimitsu, Nature 410 (2001) 63.

[4] Y. Wang, T. Plackowski, A. Junod, Physica C 355 (2001)

179.

[5] J. Kortus, I.I. Mazin, K.D. Belashchenko, V.P. Antropov,

L.L. Boyer, Phys. Rev. Lett. 86 (2001) 4656.

[6] O.F. de Lima, R.A. Ribeiro, M.A. Avila, C.A. Cardoso,

A.A. Coelho, Phys. Rev. Lett. 86 (2001) 5974.

[7] For a review see C. Buzea, T. Yamashita, Supercond. Sci.

Technol. 14 (2001) R115.

[8] O.F. de Lima, C.A. Cardoso, R.A. Ribeiro, M.A. Avila,

A.A. Coelho, Phys. Rev. B 64 (2001) 144502.

[9] M. Angst et al., Phys. Rev. Lett. 88 (2002) 167004.

[10] Yu. Eltsev et al., Phys. Rev. B 65 (2002) 140501.

[11] G. Blatter et al., Rev. Mod. Phys. 66 (1994) 1125.

[12] C.P. Bean, Rev. Mod. Phys. 36 (1964) 31.

[13] S. Patnaik et al., Supercond. Sci. Technol. 14 (2001) 315.

Fig. 2. Critical current density anisotropy (ratio between in-

plane and out-of-plane values) evaluated from the remanent

magnetization at zero applied magnetic field.
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