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Effect of nonsuperconducting secondary inclusions on the magnetization relaxation
in melt-processedRBa2Cu3O7Àd „RÄNd and Yb… bulk superconductors at high temperatures

Tadashi Mochida, Noriko Chikumoto, and Masato Murakami
Superconductivity Research Laboratory, International Superconductivity Technology Center, 1-16-25, Shibaura, Minato-ku

Tokyo 105-0023, Japan
~Received 29 June 2000; revised manuscript received 30 October 2000; published 24 July 2001!

We have studied the effect of nonsuperconducting inclusions on the magnetization relaxation in melt-
processedRBa2Cu3O72d (R5Nd and Yb! bulk superconductor in a high-temperature region (77<T
<90 K). It is found that nonsuperconducting inclusions are mainly effective in reducing the normalized
relaxation rateS ([2d ln M/d ln t) at low fields@birr ([m0Ha /Birr )&0.1# and at high fields (birr *0.4). A
suppression inS is observed in an intermediate field region (0.1&birr &0.4) for the samples exhibiting sec-
ondary peak effect, suggesting a relation between the peak and the suppression.

DOI: 10.1103/PhysRevB.64.064518 PACS number~s!: 74.60.Ec, 74.60.Ge, 74.60.Jg
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I. INTRODUCTION

Flux creep measurements are informative for understa
ing flux pinning behavior of irreversible type-II superco
ducting materials.1,2 However, a data analysis of magnet
relaxation has several difficult problems to overcome. Fi
one cannot measure ‘‘true’’ critical current density (Jc0),
which is the current density based on the critical state mo
without any relaxation.Jc0 is difficult to measure due to th
fact that relaxation always takes place until one reaches
starting point or the target field~B! and temperature (T). In
other words, when one reaches an empirical starting po
the critical state of the superconductor is already relax
Another important parameter of ‘‘true’’ pinning energy (U0)
is not available, because theJ window, which can be mea
sured in flux creep measurements under constantB andT, is
too small to gather any reliable data to deduceU0. Maley
et al.3 have used an effective method to obtain aU-J rela-
tionship in a wideJ window. However, since several data
different temperatures are used to draw a singleU-J curve,
fitting parameters are employed. Hence absolute value
Jc0 or U0 cannot be obtained with this method. Here o
should bear in mind that critical current densityJc is a non-
equilibrium property of type-II superconductors, which i
herently makes the handling ofJc , including its technical
meaning, extremely difficult.

Despite its intrinsic ambiguity, flux creep measureme
are highly important for practical applications, since one c
not avoid the effect of thermal activation. Hence, instead
using Jc0, it is practical to use a so-called apparent curr
density, which is the current density that the supercondu
can carry without resistance after some relaxation time.
engineering applications, it is common to employ so
electric-field criterion~typically 1026 V/m) for the determi-
nation of practicalJc value, which is used for the design o
the superconducting magnet system. In both high and lowTc
materials, it is known thatJ decays logarithmically with time
if the pinning force is sufficiently high. In this case, since t
time decay is logarithmic, one can easily set a practicaJc
value with taking account of the safety margin for engine
ing applications. It is also possible to use the flux creep d
0163-1829/2001/64~6!/064518~7!/$20.00 64 0645
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in understanding flux pinning behavior. Furthermore, sin
one can see semidynamic properties of flux lines with fl
creep measurements, it might be useful to study a differe
in the pinning mechanism. On the other hand, nonlogar
mic decay ofJ is often observed in weakly pinned materia
like Bi-Sr-Ca-Cu-O,4 for which the apparent current densi
cannot be used either for practicalJc or pinning character-
ization.

Melt-processedRBa2Cu3O72d (R123) bulk supercon-
ductors have significant potential for various industrial app
cations, since they exhibit largeJ and high irreversibility
field (Birr ) even at elevated temperatures. This is due to
fact that they contain finely distributedR2BaCuO5 ~or
R4Ba2Cu2O10) nonsuperconducting secondary inclusion
which can act as ‘‘strong’’ pinning centers particularly in
low-field region.5 Recently another possible ‘‘strong’’ pin
ning center, which is active at elevated temperatures,
found in R123. WhenR123 (R5Nd, Sm, Eu, Gd! is melt
processed in a reduced oxygen atmosphere,R-rich
R11xBa22xCu2O72d clusters (R123ss) about 10–100 nm
are distributed in near stoichiometricR123 matrix, which
are supposed to provide additional strong pinning6,7

Koblischkaet al.8 reported that theR123ss clusters with de-
pressedTc are responsible for field-induced pinning, whic
leads to the secondary peak effect or the ‘‘fishtail,’’ and th
Jc enhancement at intermediate fields.

In the former study,9 we systematically studied the effec
of nonsuperconducting Nd4Ba2Cu2O10 ~Nd422! secondary
inclusions onJ in Nd123 samples prepared by the oxyge
controlled melt-growth~OCMG! process,6,7 and found that
Nd422 and Nd123ss can simultaneously contribute to pin
ning enhancement, in that overallJ is almost a simple sum
mation of these two contributions. Although both Nd422 a
Nd123ss are strong pinning centers, the energy for a sin
vortex interaction can be different due to a large difference
their size. Nd422 inclusions of 0.1–2mm diameter would
have much deeper pinning potential than weakly superc
ducting Nd123ss of 10–100 nm~whereas the density o
Nd422 is much lower than that of Nd123ss). It is thus inter-
esting to study how Nd422 inclusions affect the relaxat
©2001 The American Physical Society18-1
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rate (S), especially when the pinning by Nd123ss is simul-
taneously in function.

In this study, we investigated the effect of Nd422 on t
magnetization relaxation by using various Nd123 samp
with different sizes and amounts of Nd422. We also m
sured magnetic relaxation of a melt-textured Yb123 sam
which did not exhibit ‘‘fishtail’’ for comparison.

II. EXPERIMENT

Table I is the list of the samples studied in the pres
experiment. A Nd123 single crystal~sample FSC! was
grown with a flux method in flowing 0.1% O2 /Ar mixture
gas, the details of which are described in Ref. 10. OCM
processed Nd123 samples, with different sizes and amo
of Nd422, were prepared in flowing 0.1% O2 /Ar mixture
gas. Here,Vf andd are the volume fraction and the avera
diameter of Nd422. The value ofVf /d, which is proportional
to the surface area of secondary inclusions, is known a
index representing the pinning parameter in melt-proces
Y123 samples.5 It is notable thatVf values are comparabl
between MT1 and MT1F, whiled for MT1F is drastically
reduced to 1.2mm. d values are similar among MT1, MT2
MT3, while Vf values are varied from 0.19 to 0.34. Ther
fore the effect of Nd422 refinement can be studied by co
paring between MT1 and MT1F, while that of Nd422 co
tent by MT1, MT2, and MT3. The details of samp
preparation for MT1, MT2, and MT3 are described in t
Ref. 11 while that for MT1F is in the Ref. 12. Bulk Yb12
sample~sample Yb1.8! was prepared with a convention
melt processing in air, the details of which are describ
elsewhere.13,14 All the samples showed a sharp superco
ducting transition width,2 K, which demonstrates that th
sample quality is sufficiently good for fair comparison. T
details of J-B properties and irreversibility lines for Nd
based samples and Yb1.8 are described in the Refs. 9 an
respectively.

Magnetization measurements were carried out usin
Quantum Design superconducting quantum interference
vice ~SQUID! magnetometer~MPMS-7! with magnetic
fields applied parallel to thec axis. Measurements were pe
formed in a persistent current mode with a scan length of
mm, which is widely used in many studies.3,15–18 In this
condition, the field inhomogeneity was less than 0.01%. T
apparent current density was deduced from the irreversib

TABLE I. The list of theR-Ba-Cu-O samples used in this study

Tc ~K! d Vf /d
Sample Vf 12(6/5)Vf

onset 31026 m 3105 m21

FSC 93.8 0.00 0.0 1.00
MT1 94.5 0.19 1.9 1.0 0.77
MT1F 94.5 0.18 1.2 1.5 0.78
MT2 94.5 0.25 1.8 1.4 0.70
MT3 95.0 0.34 1.7 2.0 0.59
Yb1.8 88.5 0.23 1.1 2.1 0.72
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magnetization using the extended Bean model19 with the re-
lation J520DM /a(12a/3b), whereJ is in A/m2, DM is
the irreversible magnetization in emu/m3, and a and b (a
.b) are cross-sectional dimensions in m perpendicular
the field. Magnetic relaxation was measured in a normal
mode by monitoring the time decay of magnetic mome
For relaxation measurements, the magnetic field was sw
to a sufficiently low negative value to ensure full flux pe
etration, and then set to the target value. The data were ta
every 60 s for 50 min, which is reported to be long enough
deduce flux creep properties.18 The normalized relaxation
rate ~S! is given by

S~ t ![2d ln M ~ t !/d ln t. ~1!

we deduced anS valuedirectly from the slope of a lnM -lnt
plot. Here, data att.500 s were used to avoid the effect
field sweep rate. AnS value calculated using the data
500,t,1500 s is denoted asSI while that att.1500 s is
SII , respectively. Since the plots are almost linear in the m
surement time range, we regressed the slope linearly usi
least-square method. We definedt50 as the time when the
first data were acquired. Here, there was a certain time d
(tdelay) before starting the first data acquisition after the fie
had reached the target value. Iftdelay is large, the error inS
~denoted asDS) cannot be neglected. Our observation co
firmed that thetdelay was ,10 s, and henceDS caused by
this delay was well below 1.2% as long as the data at
.500 s were used. Even iftdelay.50 s, which is much
longer than the observedtdelay value, DS is within 6%.
WhenSvalues were calculated using data att.1500 s,DS
is less than 2.4% even iftdelay is of the order of 50 s.

III. RESULTS AND DISCUSSION

In the set of samples with various amounts of nonsup
conducting inclusions, it is evident that cross-sectional a
of superconducting matrix decreases by adding nonsuper
ducting inclusions. Since Nd422 inclusions are much lar
than the size of coherence length, Nd422 addition will res
in a depression in the apparent supercurrent even when
net critical current density (Jnet) is identical. Thus we dea
with Jnet flowing in the superconducting matrix, togeth
with the apparent current density, taking account of a
crease in the supercondcting matrix. For this purpose,
employ the bond-percolation model,20 which is used to de-
duce the net current in a composite material. According
the model, current flowing in a superconductor decrease
factor ofP5(x2xc)/(12xc), wherex5(12Vf) is the ratio
of superconducting phase,xc[2/N the critical density, andN
the bond number. UsingN512 as the densest case, the a
parent ~observed! J is given by J[PJnet5$1
2(6/5)Vf%Jnet .

Figure 1 shows the field dependence of theJnet . The error
bar stands for the local magnetic inductionDB, which re-
flects nonuniform distribution ofB within the sample and
thus is dependent on bothJ and the sample size. A seconda
peak effect is observed in all the samples except for Yb
8-2
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EFFECT OF NONSUPERCONDUCTING SECONDARY . . . PHYSICAL REVIEW B64 064518
and MT1F at 90 K. FSC shows smallJnet values in a low-
field region with a pronounced peak effect. By contrast,
sample MT3, which has the largestVf and Vf /d values,
shows largeJnet values in a low-field region, with a rathe
smeared peak on the shoulder. The magnitude of the pea
MT2 lies in between MT1 and MT3. MT1F shows the lar
estJnet values at all the fields, because fine Nd422 inclusio
can act as effective pinning centers in the entire field regio9

Neither Yb1.8 nor MT1F at 90 K has the secondary pe

FIG. 1. Plots of Jnet([J/$12(6/5)Vf%) versus m0Ha /
Birr ([birr ) at 77 K with the applied field parallel to thec axis for
the samples studied here. Inset showsJ plotted againstm0Ha . The
error bar stands for the field variation caused by the local magn
induction, which is estimated fromJ and the sample size.
06451
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effect, which is similar to well-oxygenated melt-process
Y123 sample.21 Koblischka et al.22 suggested thatR123ss
hasTc of around 88 K, and can provide a fluctuation inTc

below this temperature, based on the observation of two-
superconducting transition in the field-cooled curve. It is th
understandable that no peak is observed in MT1F at 90 K
is also reasonable that the secondary peak is not observ
Yb1.8 at all temperatures, since no fluctuation inTc is
present in well-oxygenated Yb123.

Typical magnetic relaxation signals for MT1F and Yb1
are shown in Fig. 2. Solid symbols are the plots withtdelay

50 s, while open symbols are fortdelay550 s. One should
note several features which will be the important points
the following discussions. First, the magnetization sign
are much larger than the absolute sensitivity of the SQU
(1026 emu). Smooth data means the error~or the standard
deviation! of differential sensitivity is sufficiently small in
comparison with the order of the decay of magnetizati
These results provide confirmations that the signals are la
enough to deduce reliableS values. Second,tdelay does not
cause any significant difference inS values which were cal-
culated using the data att.1500 s. Third, an almost pur
logarithmic M -lnt relation indicates that theU-J relation is
almost linear in the experimental time window.

Generally speaking, theSvalue is dependent on the heig
of the effective pinning barrier (U). A difference in the re-
laxation behavior has well been described in terms of a c
rent dependency of the pinning potentialU(J), in thatU(J)
is given by the following inverse power-law form:15

U~J!5~Uc /m!@~Jc0 /J!m21#, ~2!

tic
of

-
e

FIG. 2. The magnetic relax-
ation data at 77 K for MT1F at~a!
1.0 T, ~b! 2.0 T, ~c! 3.0 T, ~d! 4.5
T, and for Yb1.8 at~e! 0.4 T, ~f!
1.0 T, ~g! 1.6 T, and~h! 2.4 T,
showing typical results. The filled
square is the plot with delay time
tdelay50 s ~as measured!
whereas open square is the case
tdelay550 s. Data at 500,t
<1500 s and 1500 s,t are used
to deduceSI andSII , respectively.
The solid line is the slope for the
data at t.1500 s with tdelay

50 s. No significant difference is
found in the slope betweentdelay

50 and 50 att.1500 s. Note
that the resolution of the measure
ments is sufficient to deduce th
reliable slopeS.
8-3
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MOCHIDA, CHIKUMOTO, AND MURAKAMI PHYSICAL REVIEW B 64 064518
whereUc is the characteristic pinning energy,U the height
of energy barrier atJ, andm the glassy exponent that reflec
how the energy barrier grows with decreasingJ. Here, one
should note that the ratioJ/Jc0 is larger at larger values ofJ,
and the activation barrierU(J/Jc0) is smaller. The curren
dependence ofS is especially important at elevated tempe
tures where a large relaxation inJ takes place.

In the following, we will describe the effect of Nd42
inclusions on the magnetic relaxation both onS andS-J re-
lation. The S-m0Ha curves for the Nd-based samples a
shown in Fig. 3~a!, in which SII is plotted asS. Note thatDS
is smaller than the size of symbol mark. In general,S is small
and relatively field independent at low fields, however,
grows rapidly at higher fields. At low fields, some compo
tional dependence is recognized althoughS value is almost
field independent. The inset of Fig. 3~a! shows the relation
betweenVf /d andS. In the remnant state,S for MT3 is the
smallest (S50.7631022), while that for FSC is the larges
(S53.031022), i.e., S is found to be small for the sampl
with large Vf /d value. At m0Ha51.0 T, however,S for
FSC is the smallest (S52.031022) while that for MT3 is
the largest (S52.631022), i.e., S is the smaller for the
sample with the largerVf /d value. When magnetic field ex
ceeds 1.5 T,Sgrows rapidly with field, in that strong sampl

FIG. 3. Field dependence ofSII for the samples at 77 K are
plotted versus~a! applied field m0Ha and ~b! reduced field
birr ([m0Ha /Birr ). Data for MT1F at 90 K are also plotted. Th
lines are guides for eyes.
06451
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dependence is observed. An increase inS is the most promi-
nent for FSC, whereas it is small for the samples with la
Vf /d values. These results indicate that Nd422 inclusions
effective in reducingS in low and high fields. It is evident
that the field dependence ofS is similar among the Nd-base
samples in spite of their large difference in the shape
Jnet-m0Ha curve. This may indicate that theJnet-m0Ha curve
is not directly related to the field dependence ofS.

The relation betweenS and the peak effect is an interes
ing subject. Here we will study it using the data for Yb1.8
77 K and MT1F at 90 K as the samples without the pe
effect. However, fair comparison is difficult sinceBirr values
differ significantly among the samples. Thus, a scaling p
cedure would be useful. Here, a scaling using the upper c
cal fieldBc2 would be a more common procedure. Howev
it is very difficult to deduce theBc2 value in the materials
studied here. On the other hand, it is known thatBirr is a
useful parameter that enables an empirical scaling
R123,8,16,23 which will lead to a practical comparison. Al
though a scaling using magnetic induction that gives
maximumJc ~so-called a peak fieldBpk) is also useful for
empirical comparison,Bpk is known to have a close relatio
with Birr .24,25Therefore, in this study, we usedBirr for nor-
malizing the field.

Figure 3~b! shows thebirr ([m0Ha /Birr ) dependence of
S for the Nd- and Yb-based samples, to study the relat
betweenS-birr and a peak, by comparing the samples w
and without a peak inJ ~or Jnet). It is clearly recognized tha
samples with a peak exhibit a depression inS at 0.1&birr
&0.4, whereJ enhancement with a peak is observed. In a
dition, Svalue for MT1F at 0.1&birr &0.4 is increased when
temperature is raised from 77 to 90 K, as the peak
J-m0Ha curve smears.9 These results suggest that a reducti
in S is closely correlated with the peak inJ.

On the other hand,S at birr *0.4 is not affected by the
presence of the secondary peak effect. This shows that
pinning mechanism causing a peak inJ is different from the
one that determinesSat birr *0.4. It is important to note tha
S-birr curves for the Nd-based samples are almost identi
regardless of the fact thatS-m0Ha curves at high fields is
reduced by Nd422 addition as shown in Fig. 3~a!. This indi-
cates a close relation betweenS and Birr . The higherBirr
values for melt-processed samples are thus linked to the
pression inS caused by Nd422 addition.

To further confirm the effect of Nd422 inclusions onS
and pinning energy, we studied the current dependency oS.
Here,SI(J5JI) values were regarded asS at largeJ, while
SII(J5JII) asS at smallerJ values. The respectiveJ values
were determined asJI[$Jnet(t5500s)1Jnet(t51500s)%/2
and JII[$Jnet(t51500s)1Jnet(t53000s)%/2. The decay of
J@[J(t53000s)/J(t5500s)# at m0Ha51, 2, and 3 T are
found to be about 0.96, 0.92, and 0.82, respectively.

Figure 4 shows the current dependence ofS for the Nd-
based samples atm0Ha51, 2, and 3 T, which corresponds t
birr '0.1660.02, 0.3260.04, and 0.4860.06, respectively.
It is found that a refinement of Nd422 inclusions~denoted as
SI refinement in Fig. 4! led to an enhancement inJnet at 1 T.
It also affectedS-Jnet relations at 2 and 3 T, i.e., itreduced
8-4
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EFFECT OF NONSUPERCONDUCTING SECONDARY . . . PHYSICAL REVIEW B64 064518
S with increasing Jnet . This result is important because
reveals the fact that the improvement in the pinning prop
ties by Nd422 refinement is related to the macroscopic p
ning force. For example, a sympleS(Jnet) can be given as

1/S~Jnet!5Uc@12~Jnet /Jc0!#, ~3!

sinceS is inversely proportional to the height of the ener
barrier, and that a linearU-Jnet relation can be assumed from
the experimental result. This means eitherUc , Jc0, or both
are increased by Nd422 refinement. Note that the result is
affected even if a nonlinear dependence is assumed. Th
is concluded that Nd422 refinement enhances macrosc
pinning force in the entire field region. Similarly, the redu
tion in S by Nd422 addition~denoted as SI addition!, pre-
sented in Figs. 4~b! and~c!, indicates that Nd422 addition i
also effective in enhancing the macroscopic pinning force
this field region.

It would be important to see whether the results can
explained in terms of the dynamic mechanism,26 because it
has been controversial whether the differences inS can be
explained by this mechanism or the macroscopic pinn
force. Basically, the dynamic mechanism assumes the ‘‘tr
~unrelaxed! critical current density which monotonously d
creases with field. An observedJ value is interpreted in term

FIG. 4. Plots ofSI[S(JI) ~filled symbols! andSII[S(JII) ~open
symbols! versusJnet at 77 K and at~a! 1 T, ~b! 2 T, and~c! 3 T for
the Nd-based samples. For the details of the samples, see th
perimental and Table I. The circles and arrows are guides for e
showing the effect of Nd422~SI refinement and addition! on S. The
solid lines are guides for eyes showing the effect of SI both on
S andS-J relation.
06451
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of a difference inS, which basically depends on the ratio o
J/Jc0, i.e., how far the system has relaxed fromJc0. Within
the scope of the dynamic scenario, a reduction inSby Nd422
refinement may be explained in terms of a smallerJnet /Jc0
value. However, our experimental results did not show aJnet
reduction. Moreover, the Nd422 refinement led to a smalleS
value and an enhancement inJnet , simultaneously. If the
dynamic scenario is applied in Eq.~3! to explain a smallerS
value, it requires either a largerJc0 value~to obtain a smaller
Jnet /Jc0 value! or a largerUc value. In the former case,
large Jc0 value means a larger pinning force. In the latt
case, an increase inUc directly means a larger pinning force
These suggest that the differences inS among the samples
are not attributed to the differences inJnet /Jc0 value alone
but to the macroscopic pinning force. Therefore the effec
Nd422 refinement on theS-J relation cannot be explaine
within the scope of the dynamic scenario.

It is worthwhile to note that Fig. 4 shows an anomalo
S-J relation common to all the samples at 2 and 3 T in thaS
value is higher for a smallerJnet , i.e., SII[S(JII).SI
[S(JI), which is the negativeJ dependence ofS. This con-
tradiction can be understood as follows. Using theU(J) re-
lation combined with a conventional flux creep theory,S is
given by1,2,27

S~ t ![kT/@Uc1mkT ln~ t/te f f!#, ~4!

wherete f f is an effective attempting time for vortex motion
Here, we note whether Eq.~4!, which is the so-called loga
rithmic solution, is applicable or not in this study. Recent
Burlachkov et al.28 noted that, when theU-J relation is
highly nonlinear, the logarithmic solution may show signi
cant deviations from the exact one, especially at short tim
However, in the present study,U is found to be almost linea
function of J in the experimental window. Therefore Eq.~4!
is applicable in the present study, even based on the ide
Burlachkovet al. Equation~4! indicates thatS is dependent
not only onUc but also onm, t, andte f f . When a sample is
measured under a constantB and T, it is natural to assume
thatUc andte f f are constant. This means thatS is dependent
only on m and t. The fact thatS increases witht thus indi-
cates thatm is negativeat 2 and 3 T. Figure 4~a! shows
normal S-J relation at 1 T, indicatingm is positiveat this
field. On the other hand, a negativeS-J dependence is found
at 77 K and 0.2&birr &0.8, which is the experimental win
dow of the present study, for all the Nd-based samples. T
implies thatm is negativeat 0.2&birr &0.8.

Finally, we will discuss the origin of negativem. Accord-
ing to the collective-creep~CC! model29 and vortex glass
model,30 m is expected to be positive for all the regime
because the model treats the vortex lattice as an elastic
tinuum, which interacts with randomly distributed weak pi
ning centers. However, vortices will not creep collective
when pinning is strong.31 Therefore magnetic relaxation ma
not follow the CC model and thusm can be negative for
strongly pinned superconductors like the samples trea
here. In fact, negativem was also observed through transpo
measurements in a melt-processed Y123 with a peak.32 In
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MOCHIDA, CHIKUMOTO, AND MURAKAMI PHYSICAL REVIEW B 64 064518
addition, negativem is found in various superconductors in
different temperature and field region.33,34This suggests tha
negativem is related to the extrinsic defect structure and
interaction with vortices. As we have observed in t
OCMG-processed Nd-based samples, the crossover im
from positive to negative takes place at aroundbirr '0.2,
where anomalousJ enhancement takes place. It is thus pro
able that negativem is caused by the interaction betwee
vortices induced by the activation of Nd123ss. One scenario
is that collective interaction between vortices is destroyed
the activation of Nd123ss, since the density of Nd123ss is
high enough to pin all the vortices atm0Ha<Birr , in that
Kim-Anderson type35 (m521) flux motion takes place
leading to a negativem value. Another scenario is that plast
interaction between vortices is induced by the activation
Nd123ss. The pinning energy associated with a Nd123ss
interaction is so small that the vortices pinned by Nd123ss
will be depinned leading to local deformation. It is intere
ing that Abulafiaet al.36 also reported the presence of
crossover from elastic to plastic creep around the peak
though they reported positivem using the U(J)
5U(Jc0 /J)m relation.

IV. CONCLUSION

We have measured the magnetization relaxation pro
ties in OCMG-processed NdBa2Cu3O72d bulk supercon-
ductors in a high-temperature region (T>77 K). It is found
d
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that Nd4Ba2Cu2O10 ~Nd422! inclusions are mainly effective
in enhancingJnet without increasing the normalized re
laxation rate S([2d ln M/d ln t) at low fields @birr
([m0Ha /Birr )&0.1# and high fields (birr *0.4). In addi-
tion, Nd422 refinement enhancesJnet without increasingS,
suggesting Nd422 inclusions are effective pinning center
the fields studied here. A suppression ofS is observed for all
the Nd-based samples in an intermediate-field region (
&birr &0.4) at 77 K. The suppression is not observed wh
the peak in J is absent, i.e., either in melt-process
YbBa2Cu3O72d bulk superconductor at 77 K or in OCMG
processed Nd123 atT590 K. This implies that the peak inJ
is closely correlated with lowTc Nd123ss, which is believed
to be the origin of the peak effect observed atT<88 K.
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