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ABSTRACT

Critical currents in Chevrel-phase lead molvbdenum
sutphide have been measured at two temperatures as a
function of applied magnetic field up to 30 T. Improved
critical current densities Jg's were achieved with electro-
plating and diffusion processed PbMogS, short-tapes.
Increased Jo values were obtained for a short heat-treatment
at 1050 °C. We find a Jo of ~5x10% A/cm2 at 20 T and 4.2 K
and ~1x104 A/cm® at 20 7 and 1.6 K. The dependence of Je
on grain siZze was also measured, and the correlation
between flux pinning force and average grain size is dis-
cussed. The critical current density in the field range of
< 27T was strongly dependent on the grain size, and the
critical currents at 14 T and 4.2 K can be scaled by the
inverse grain size.

INTRODUCTION

Since the discovery of the extremely high critical
field of Chevrel-phase PbMogS,(PMS) superconducting com-
pounds, much of the research directed toward the improvement
of a critical current density J; in this type of thin films,
wires, tapes, and bulk samples."® For practical applica-
tions, the most important requirement is that it should
carry a large dissipation-free transport current in a strong
field. So far, the reported J, values were not high enough,
and also little is known of the metaliurgy of this compound.

“Very recently, high quality PHS wires were prepared
with powder metallurgical technigue based on molybdenum
or tantalum matrix. ' ''The Jo values of these wires are
refatively high compared with those reported in early wires?
Thus apptication of the PMS materials for very high fields
appears promising in the near future.

In the present paper we report on recent improvements
of high field properties of the PMS short-tapes prepared by
electroplating and diffusion techniques. We also present
critical current density vs grain size measurement on PMS

materials.

EXPERIMENTAL RESULTS AND DISCUSSION

The measurement of the critical current was carried out
in 16.5 T superconducting magnet, and three Hybrid Magnets
(HM=1-3) at the High Field Laboratory for Superconducting

" Materials(HFLSM) at Tohoku University.'2 .
The typical examples of critical current densities are

shown in Fig.1 as a function of appiied magnetic field in
field up to 27 T, and for 4.2 and 1.6 K. The applied field
direction was parallei to tape plane. The criterion for Jg
was 5 pV/cm. Samples were prepared by an.electro-plating
and diffusion methods. Reaction times were 4 and 42 hrs,
and reaction temperature was~1050 °G.'3

The Jo's of these samples are strongly dependent on
the reaction time as shown in this figure. The Jg's (at 4.2
K) for 4 hrs is relatively high and reaches to 105 A/cm? in
a weak field, and is about two times as large as that for
42 hrs over most of the magnetic field range. In high fields
the Jo's were about 1x10* A/cm? at 15 T, and about 1x103
A/cm? at 27 T. As the temperature decreased to 1.6 K, the
increased J, values is about twice that at 4.2 K in a high
field. The obtained Js at 1.6 K is ~1x10* A/cm? at 20 T.
The J; at 20 T and 1.6 K is relatively high value.

Manuscript received September 30, 1986

Je'S in our samples show somewhal rapid decrease as
the field increases. This may be due to a difference in the
upper critical field By, of each grain, because the T,'s
of the present PHS samples were slightly broad as shown in
referencef131.
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Fig.1 Critical current density J, versus applied
magnetic field B for two PMS tapes at 4.2
and 1.6 K. The field direction is parallel to
the tape plane.
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Fig.2 P@nning force density as a function of applied
field for PHS reacted at different temperatures
(4 or 42 hrs).
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Fig.3 Pinning force density at 4.2 K as a function of
applied field. Five curves are for PMS tapes reacted
for 4-70 hrs at 1050 C

The variation of pinning force density, Fpo~J.x B, with
applied magnetic field is shown in Fig.2, and 3. Fid.2 shows
the temperature dependence of the pinning force densities
for two PMS tapes. Note that F.'s substantially increase
as the temperature decreases. In figure 3, Tive curves are
for tapes reacted for 4-70 hrs. Note that F, continues to
increase as the reaction time decreases, and hecome maximum
at about 5 T or thereabouts. Figure 4 shows the normalized
pinning force density Fo(B)/Fo(15 T). These values are
essentially the same for all samples reacted for various
periods. The only difference between the samples is the
magnitude of the pinning force density. The result indicates
that the flux pinning mechanism is the same in all samples
shown in Fig. 4.

As a result - of investigating some F_data in pH§
tapes, it was not consistent with a major feature of Kramer
equation, '*i.e., that the pinning force maximum is b{B/B¢2)=
0.2 and moves to lower value of b as the pinning force in-
creases. The measured T, value suggest that the Bg,for these
samples could be above 40 T. Consequently the F, maximum
is seen to fall at bg0.1 for all samples shown in Fig. 4.
This may be due to inhomogeneities in these materials.

In some samples, however, we observed the large b value of
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Fig.4 Normalized pinning force density F.(B)/Fn(15 T)
vs applied field B for several PMS samples

about 0.2.7% Unfortunately, high gquatity samples with large
b value can not be reproducibly prepared with the present
techniques. For a more detailed comparison with flux pinning
theories, homogenecous samples and data on Bg, and-J, as a
function of temperature and field are necessary.

In a!l superconducting compounds, grain boundary is one
of the most effective flux-pinning center ro achieve high
critical current density. We investigaled the influence on
the grain size to J in our PHS tapes

SEH observations were made on the fractured section of
tapes etched for 1-10 sec in ~5 % HNO,/ 95 % water. Fig.7
shows SEM photographs of etched cross section of PMS reacted
at 1050 G for 4 or 70 hrs : (a),{b) reacted for 4 hr, and
{c), {d) for 70 hr ; (&), {c) near center, and (b), (d) near
surface in the fractured ¢ross-section

A finely divided structure is seen in Fig.5(a) and (b}
The grain size is about 0.2 to txm. The pores (biack areas)
partially resulting from the chemical etching in nitric acid
are surrounded by PMS compound. The material etched in
nitric acid may be lead educed on cooling after the reaction
al 1050 ‘C. On the other hand, we can see a !arge grain in
Fig.5(c). and somewhat small grain in Fig.5(d). In a long
reaction time, the grain generally grew to.be nearly 1 to
10 umin size.

{a) near center [4 hrs] {b) near surface

(¢) near center

[70 hrs] (d) near surface

Fig.5 SEM photographs of etched cross section of PMS

tapes : {(a), (b)reacted for 4 hr, and (c), (d)

reacted for 70 hr. The scale on these photographs
Is in micrometers.
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Fig.6 Grain size as a function of reaction time at 1050 C
for PMS samples. The solid curve is for the near

surface in the fractured section, and the dashed
one for the near center.

The grain size as a function of reaction time over a
range from 4 to 70 hrs is shown in Fig.6. The so!ld curve is
for the near surface in the fractured cross-section. The
dashed line is for the near center. The grain size at a
given temperature(~1050C) remarkably increased in the near
center with reaction time. This observation would appear 10
explain the J, - B result which the J,'s show somewhat rapid
decrease as the field increases(see Fig.1). -

The dependence of critical current density on inverse
of average grain size G=' is shown in Fig.7. The J¢'s at
14 T vary roughly linearly with 6-*, i.e. it can be scaied
by the average grain size. The result suggests that the
grain houndary is the most effective pinning-center in-PMS
as well as most of other superconducting compounds. Al
present our smallest average grain size was about 0.5 um
or thereabouts. If we requirea significantimprovement of
Jg above 10% A/cm? at 30 T, the further reduction of grain
size {<0.1 un) should be achieved without the reduction
in its critical temperature.
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"Fig.7 Correlation of critical current density at 4.2 K
with inverse average grain size at a magnetic field
of 14T,
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CONCLUSION

Jo's of PhbMogSyshort tapes have been measured as a
function of applied magnetic field up to 30 T at 4.2 K and
1.6 K. Improved J; values were obtained for a short heal-
treatment at 1050 C. Jeo's at 20 T were ~5x10% A/cm® at
4.2 K, and~-1x104 A/cm? at 1.6 K. The Jc's at 14 T vary
roughly linearly with the inverse of average grain size.
Optimal reaction conditions improved J;'s in low fields.
Jo's in high fields above 20 T, however, are still insuf-
ficient for practical application. e note that much work
has still to be done in order to elucidate the flux pinning
mechanism in this compound.
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