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Abstract

The flux pinning property in a melt-processed Sm-123 bulk superconductor was
investigated and the observed irreversibility field was compared with the theoretical
model of flux creep and flow assuming that the usual condensation energy interaction
by 211 particles is dominant in flux pinning. The good agreement suggests that this
hypothesis is valid. The pinning mechanism around the peak effect is discussed
based on the results on scaling of the pinning force density.
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1 Introduction

Sm-123 superconductor has a higher critical temperature than
Y-123 superconductor and its anisotropy is as low as Y-123.
Hence, this is a promising material for high-field applications.
A pronounced peak effect is frequently observed in this mate-
rial in a magnetic field applied parallel to the c-axis. A similar
peak effect was also observed in Nd-123 superconductor and this
peak effect was attributed to substituted regions of Ba by Nd
with lower T, than the surrounding matrix region with the field-
induced pinning mechanism [1]. In Nd-123 system the effect of
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coexistence of such substituted regions and nonsuperconduct-
ing particles of 422 phase has been investigated in detail [2,3].
It was clarified that the addition of 422 reduced the peak ef-
fect at a medium field, while the critical current density was
enhanced in the low and high magnetic field regions. Although
the change in the low and high fields is reasonable, the reduc-
tion in the critical current density in the medium field region
seems to be peculiar. Hence, the role of these pinning centers in
the observed pinning property is not clear.

In this paper the pinning property of Sm-123 bulk supercon-
ductor is investigated by measuring the irreversibility field and
the scaling behavior of the pinning force density. A discussion
will be given on the flux pinning mechanism in this material.

2 Experimental

The specimen was prepared by a common melt process. The
nominal composition of 123 and 211 phases was selected to be
3:1 and silver was also added by 20wt%. After partial melting,
the temperature was reduced and the specimen was heat-treated
at 350°C for 10 h in an oxygen atmosphere. Then, the temper-
ature was gradually reduced to 300°C in 50 h and annealed
again at 300°C for 50 h. Finally the specimen was cooled down
to room temperature in 12 h. The obtained melt material was
cut and the size of the specimen was 1.09 mm X 2.01 mm X
2.56 mm. The c-axis was directed along the long axis of the
specimen. The critical temperature was 94.0 K.

The critical current density was estimated from a magnetization
hysteresis in a magnetic field along the c-axis measured using
a SQUID magnetometer. The irreversibility field was conven-
tionally determined by the magnetic field at which the critical
current density is reduced to 1.0 x 10° A /m?.

Fig. 1 shows the critical current density at various magnetic



fields and temperatures. It is seen that the peak effect is ob-
served in a wide temperature region from 40 to 85 K. A shoulder
can be seen up to much higher temperature. The irreversibility
field, B;, is represented in Fig. 2. The obtained irreversibility
line is smooth in the range of our measurement. Since a trace
of the peak effect seems to remain even above 85 K as seen in a
shoulder, the "peak” field was defined by the field at which the
second derivative of J.-B curve takes a negative maximum. The

result is shown in Fig. 2. It is about 40 % of the irreversibility
field.

Fig. 3 shows the scaling of the pinning force density, where B
is the effective irreversibility field at which the extrapolated
J. reaches zero. When the magnetic field is normalized by the
usual irreversibility field, B;, the scaling at high fields is not
beautiful. B is slightly higher than B;. The scaled pinning force
density has a long tail at high fields, take maximum at around
the normalized field of 0.4 and is widely spread at normalized
field below 0.4. Such an obtained deterioration at lower fields
is different from a behavior in Nd-123 system [3]. The reason
for this deterioration will be discussed later. The temperature
dependence of the maximum pinning force density is shown in
Fig. 4. It obeys approximately as
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3 Discussion

The present specimen is expected to contain sufficient volume
fraction of 211 phase particles. Hence, the pinning property at
low fields is considered to obey the formula for the normal pre-
cipitate pinning [4]. In fact, the obtained pinning parameters
describing the temperature and magnetic field dependencies are
close to the prediction [5]. In Nd-123 system, addition of 422
particles contributed to the larger pinning at high fields [3],



suggesting that the 422 phase particles again dominate the pin-
ning property. The strange behavior at medium fields by ad-
dition of 422 phase is explained as follows [6]: The substituted
regions with lower T, is speculated to work as strong repulsive
pinning centers under the proximity effect because of the large
kinetic energy resulted from the longer coherence length. In the
low field region the spacing of flux lines is fairly long, resulting
in no strong interference between positive(kinetic) and nega-
tive(condensation) energies for pinning. Hence, the pinning force
is considered to simply increase with increasing 422 particles.
In the medium field region, the interference becomes stronger
through the elasticity between flux lines and the critical cur-
rent density is speculated to decrease by the offset of the two
kinds of pinning energies. At higher fields, it is considered that
the superconductivity in the substituted regions diminishes to
avoid the state of very high kinetic energy due to the existence
of flux lines inside the substituted region, since flux lines al-
ways exist during their displacement along the direction of the
Lorentz force. In this case the superconductivity in surround-
ing matrix is also degraded due to the proximity effect. Hence,
only the attractive condensation interactions by 422 particles
remain. Thus, this scenario explains all the behavior observed
in [3]. This indicates that the irreversibility field is mainly ex-
plained by the pinning by 211 phase in the present Sm-123 bulk
specimen, although the pinning property is considered to be
slightly degraded due to the proximity effect.

The irreversibility field is theoretically estimated using the flux
creep-flow model [7]. In the theoretical model, the most impor-
tant quantity is the pinning potential and this can be theoret-
ically estimated by the virtual critical current density in the
creep-free case, J., which is used as a parameter representing
the pinning strength. In the present case, J.o can be analytically
derived as [4]:
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where B, is the thermodynamic critical field, £ is the coherence
length in the a-b plane, IV, is the number density of 211 particles,
D is the particle size and ay¢ is the flux line spacing. Thus, if we
express this as

R4 S P

we have m = 3/2, v = 1/2. The parameter representing the

magnitude of J., A, was assumed to be distributed as

(log A — log Ay)?
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)= Kexp | - (4)
where A, is the most probable value of A, o is a parameter
representing the degree of deviation and K is a constant. Here
we assume that A, and o? are adjusting parameters to get a
good agreement between the theory and experiment for the ir-
reversibility field. The assumed parameters are: A, = 6.0 x 107,
0? = 0.1, § = 2. Using these values, the mean number of flux
lines in the flux bundle is estimated as 4.3. E-J characteristics
were calculated and the critical current density was determined
at the electric field criterion of £ = 107! V/m so as to be
consistent with the DC magnetization measurement. The irre-
versibility field was determined using the same criterion as ex-
periment. The obtained result is shown in Fig. 2 for comparison.
The agreement is satisfactory.

This agreement seems to support the above hypothesis that 211
particles are again dominant in the flux pinning at high fields.
This is also consistent with the agreement in E-J characteristics
in these fields, which are estimated from the relaxation of mag-
netization [5]. The number of A, assumed here may seem to be
too small. However, since the superconductivity in the matrix
around the substituted regions is speculated to be deteriorated
due to the proximity effect, the reduction in A, seems to be
natural.

Here we shall discuss the scaling behavior of the pinning force



density. The long tail at high fields is pronounced in the scaled
curve. This comes from the sharp drop in J. above the peak field.
The sharp drop is considered to originate from the disappear-
ance of the kinetic energy interaction due to the disappearance
of the superconductivity in the substituted region, as argued
above. Another characteristic point of the observed scaling be-
havior is that the pinning force in the magnetic field region be-
low the peak is not exactly scaled. This may be partly ascribed
to the different pinning mechanisms between the medium and
high field regions. That is, the peak effect is considered to be
mainly brought about by the kinetic energy interaction by the
substituted regions, while the pinning near the irreversibility
field is speculated to be caused by the usual condensation en-
ergy interaction by 211 particles. In addition, the appreciable
reduction in the peak effect at high temperatures is also one of
the reasons for such a deviation from a perfect scaling.

4 Summary

The flux pinning property in a melt-processed Sm-123 bulk spec-
imen with 211 particles was investigated and the following re-
sults were obtained.

(1) The irreversibility field was qualitatively explained by as-
suming the pinning interactions by 211 particles. This sup-
ports the hypothesis that these particles are dominant at
high fields.

(2) The observed deviation from the perfect scaling of the pin-
ning force density near the peak seems to be consistent with
the assumption that the pinning mechanism is different be-
tween the substituted regions and the 211 particles.
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Figure captions

Fig. 1.

Fig. 2.

Fig. 3.
Fig. 4.

Critical current density of Sm-123 bulk specimen under a
magnetic field along the c-axis.

Irreversibility field vs temperature. Solid and broken lines rep-
resent the observed and calculated results, respectively. Open
symbols are the peak fields.

Scaling of the pinning force density.

Temperature dependence of the maximum pinning force den-
sity.
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