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Comparative study on the transport critical current density
of Bi-2223 and TI1-1212 Ag-sheathed superconductor
tapes in low magnetic fields
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Abstract

High-T, superconductor tapes with nominal compositions of Bi; sPbo4SraCas2CusO1o-. (Bi-2223) and (T1,Crgs)-
Sry(Cagy,Pry )Cuy O, (T1-1212) were fabricated using the powder-in-tube method. The 7., 's of the tapes, which were
subjected to various thermo-mechanical treatments, ranged from 100-103 K for the Bi-2223/Ag tapes and 84-86 K for
the TI-1212/Ag tapes. Their transport critical current densities in low magnetic fields (0.15 T) were compared. All the
tapes are dominated by weak links where this is more severe in the TI-1212/Ag tapes. No significant anisotropic
transport properties were observed in TI-1212/Ag tapes when the magnetic field was applied perpendicular or parallel to
the tape plane (i.e. J.(H.)/J:(H)) = 0.75-1.0). The Bi-2223/Ag tapes however show a pronounced anisotropic transport
properties in applied magnetic field (i.e. J.(H_)/J.(Hy) = 0.15-0.65). This can be associated with the microstructural

difference between these two types of tapes. Scanning electron micrographs reveal the slightly aligned grains in the Bi-

based tapes while randomly orientated grains were observed in the Tl-based tapes.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Since early 1990s, much effort has been focused
on developing and improving the usage of high
temperature superconducters (HTSC) for power
applications. Processing of HTSC materials ex-
ploiting the powder-in-tube (PIT) method has
been one of the commonly used techniques for
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fabrication of HTSC wires or tapes. However, the
prospect of the application of HTSC tapes are
strongly hampered by several factors such as
Josephson weak links and weak pinning capability
especially for Bi-2223/Ag and Bi-2212/Ag tapes.
Attempts in producing Bi-based HTSC tapes
with excellent properties have yielded somewhat
satisfying results [1-3]. Although the Bi-based
HTSC tapes showed extremely weak pinning
properties at liquid nitrogen temperature [6-8],
it hds been successfully used to form long-length
HTSC tapes for practical applications compared
to other HTSC materials. On the other hand, high
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critical current densities have been achieved in Tl-
based HTSC tapes with flexible long-length scale
using various compositions and thermo-mechani-
cal treatments [9-13]. The T1-1212 system, which
belong to single layer TI-O materials, display fa-
vorable irreversibility field compared to double
insulating layer systems such as TI-2212 and Bi-
2223 (14,15]. Ren and Wang [16] reported that the
TI-1212 tapes demonstrate better pinning charac-
teristic than the T1-1223 tapes. Moreover, the Cr-
doped TI-1212 bulk and Ag-sheathed tapes also
show high 7.’s values above 100 K [17,18].

It is interesting to investigate the transport
properties of Bi- and Tl-based HTSC tapes in
magnetic field. In this paper we compare the
transport properties of Bi-2223 and TI-1212 Ag
sheathed superconducting tapes in applied mag-
netic fields from 0-0.15 T. The magnetic field de-
pendence of the critical current density (J.) is useful
in characterizing HTSC tapes because it does not
depend on possible microcracks and gives an idea
of the granularity as well as the local texturing
condition [19]. Critical temperatures (Iin's) as
well as the micrograph from the scanning electron
microscope (SEM) are also presented.

2. Experimental details
Bi; sPby+Sr:Cas2CusO - fAg (Bi-based tapes)

and (T1,Cry5)Sr2(Cay g Pry  )Cu, O-_ /A g (Tl-based
tapes) tapes were fabricated using the PIT method.

Table |

Cr is substitute in the TI-1212 to enhance its
transition temperature [17] while Pr
substituted for Ca to enhance the formation of the
1212 phase. Powders with starting compositions as
mentioned above were prepared by conventional
solid-state reaction. For Bi-based
perconductor powders consist of the 2212 phase
as majority phase with the 2223 phase and other

1s partially

tapes, the su-

secondarv phases as minorities. For the Tl-based
tapes. the majority phase is the 1212 phase with
the 1201 phase as minority. The volume fraction
of each phase in both powders was estimated by
taking the ratio of the highest peak of the XRD-
patterns for one phase with respect to the other.
Both powders were fine ground before being
packed into a Ag tube of 6.0 mm outer diameter
and 4.5 mm inner diameter. The tube was groove
rolled. drawn to 1 mm outer diameter and then
rolled into tape form. Roiling cylinders of 20 mm
in diameter and a rolling speed of about 0.6 m/min
were used. The tapes were then cut into small
sections (3 c¢m each) before thermo-mechanical
treatments. Both Bi- and Tl-based tapes were di-
vided into three groups each labeled as Bi-A. Bi-B,
Bi-C and TI-A, TI-B, Tl-C. respectively, and then
subjected to different thermo-mechanical treat-
ments as summarized in Table 1. The final thick-
ness of the processed tapes in each group is also
included in Table 1.

The phases in the tapes were identified through
XRD pattern using a Siemens D3000 diffracto-
meter with Cu-K, as a radiation source. A Philips

Summary of the various thermo-mechanical treatments applied to the tapes with their Tipep, /. and fdnal thickness of processed tapes

Sample st heating Intermediate 2nd heating Heating Togy ot TR Final thickness
deformation environ- (K) and self-field  of processed
ment {(Acm™) tapes (mm)

Bi-2223 tapes

Bi-A 843 °C =< 50 h Rolling B45°C x 30 h Alr 103 3310 =200 0.22

Bi-B 845 °C = 130 h - - Alr 100 1370 = 100 0.32

Bi-C 330 °C«350h = - Air 100 1090 =60 0:32
TI-1212 tapes

TI-A 820 °C = 15 min  Rolling 310°Cx1lh 0- 36 012

TI-B 820 °C x 13 min  Roiling 9I0°*C x40 min— O, 86 0.12

840 °Cx2h
TI-C 820 °C x 15 min  (Pressing: 910°Cx1h 0s 84 3060 = 100 0.23

pressure = 0.13 GPa)
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XL-30 SEM was used to observe the microstruc-
tures of the samples. Critical temperature (7. )
of the tapes was measured using a dc four-probe
technique. Transport critical current density (/)
measurements were carried out at liquid nitrogen
temperature using a dc four-probe technique with
| wV/em criterion in magnetic fields varying from 0
to 0.15 T. Magnetic fields (H) were applied per-
pendicular to the current flow direction, parallel
(H,) and perpendicular (H_) to the tape plane.

3. Results and discussion

XRD analysis shows the existence of mixed
phases of 2223 and 2212 in Bi-based tapes and
a majority of the 1212 phase was observed in TI-
based tapes. Secondary phases in both types of
tapes may act as flux pinning centers [20]. The
measured Te.o’s are in the range 100-103 K
for the Bi-based tapes and 84-86 K for the TI-
based tapes as listed in Table 1 together with the
achieved J.'s. Typical measurements for T, .., are
shown in Fig. 1.

Fig. 2 shows logl/.(H)/J.(H =0 T)] versus A
for Bi-based tapes with A parallel (4)) and per-
pendicular (F,) to the tape plane. J. iniually
decreases rapidly with A, and f_ with positve
curvature until 0.02 T, followed by a gradual
decrease with mnegative curvature for A > 0.02
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Fig. 1. Normalized electrical resistance R(T)/R(T =300 K)

as a function of temperature. T for samples Bi-A and T1-C.
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Fig. 2. Normalized J, versus ) and 4. to the tape plane at 77
K for Bi-based tapes. / is the direction of current flow. ((J) is for
Bi-A with |, (M) is for Bi-A with #,, (¢) is for Bi-B with H),
(#) is for Bi-B with H_, (A) is for Bi-C with &, (A) is for
Bi-C with A, . Solid and dashed lines are a guide for the eye.

T. Similar changes in curvature were also observed
for the Tl-based tapes (Fig. 3), except for sample
TI-A in which /. initially decreases with negative
curvature before changing to positive curvature
and then to negative curvature again.
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Fig. 3. Normalized J. versus 4| and A, to the tape plane at 77
K for Tl-based tapes. / is the direction of current flow. (A) 1s for
TI-A with &,. (A) is for TI-A with A, ((O) is for TI-B with Ay,
(M) is for TI-B with &, (©) is for TI-C with /|, (#) is for TI-C
with H,. Solid and dashed lines are a guide for the eye.



350 K.T. Lau ¢t al. | Physica C 377 (2002, 34

J. of the Bi-based tapes shows an anisotropic
behavior with respect to applied Hy and A, as
shown in Fig. 2. The overall J; for tapes in A are
larger than /. in A . This may be due to several
reasons [21] such as (i) an anisotropic unit cell
of Bi-2223 and Bi-2212, (i1) the existence of twist
grain boundaries and residual remnant of sec-
ondary phases in the direction parallel to the tape
plane, (iil) preference growth of the plate-like su-
perconductor grains in the a—b plane direction
along the tape plane as indicated in Fig. 4.

Conversely, the Tl-based tapes did not show any
significant anisotropic J. for applied A, and H,
(Fig. 3) that was observed in the T1-1223 tape [22].
The spherical-like grains of the Tl-based tapes
are randomly orientated without any alignment
in certain directions as shown in Fig. 5. Unlike Bi-
based tapes where the grain alignment can be ac-
complished by thermo-mechanical treatments, this
is relatively difficult to achieve in the Tl-based
tapes [14]. Therefore. the lack of grain alignment
in the Tl-based tapes contributes to lower aniso-
tropic J. compared to the Bi-based tapes.

The degree of anisetropic transport properties
as measured by anisotropy factors (J.(H.)/J.(H)))
for both Bi- and Tl-based tapes are shown in Fig.
6. The value of the anisotropy factors for the Bi
and Tl-based tapes are from 0.15 to 0.63 and 0.75
to 1.0, respectively, Different thermo-mechanical

reatments applied to the Tl-based tapes did not
result in a significant change of transport proper-

i

Fig. 4. SEM of sample Bi-C tapes in longitudinal cross-section
showing grains aligned along the tape plane.

s in longitudinal cro

t grains oriented randomiy

along the tape plane.

ties in applied magnetic field. For Bi-based tapes,
anisotropv factors for sample Bi-A and Bi-B (sub-
jected to intermediate rolling or sintered at longer
duration) were found to be higher than the an-
isotropy factor for sample Bi-C. It has been shown
that intermediate rolling enhances J. following
the improvement of grain-alignment along the
tape plane. yvet the processing condition could se-
verely deteriorate the

grain texture [23]. The in-
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Fig. 6. Anisotropy factor for Tl- and Bi-based tapes showing

the degree of anisotropy in /.. Solid and dashed lines are a guide
for the eve.




crease of the anisotropy factor for Bi-based tapes
at 0.01-0.03 T may be due to a more rapid drop
of J. with applied A compared to applied .

The initial decrease of J. in low fields for either
applied A, or H_ is attributed to the decoupling
of Josephson weak links in the tapes [24,25]. The
rapid reduction of ./ in both Bi- and Tl-based
tapes shows that weak links are domunant. For Bi-
based tapes, the initial decrease of J; is only until
0.01 T. However, the initial decrease of J; tor Tl-
based tapes is more gradual for both #| and A_
(up to 0.06 T), which may be due to slower de-
coupling of weak links. The projection of larger
H on the c-axis of the Tl-based tapes is required
in order to decouple almost all the weak links as
clearly indicated in Fig. 7.

The supercurrent is carried mostly through
strong links after the initial decrease of J. [26-29].
By referring to the normalized J. versus H., the
percentage of strong links in the tapes was esti-
mated from the ratio of /. in fields to the J; in zero
field [26,27]. The amount of strong links in Tl-
based tapes was found to be less than 15% of the
total number of supercurrent links compared to
about 20% for the Bi-based tapes. This is one of
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Fig. 7. Normalized /. versus A to the tape plane for Tl- and
Bi-based tapes at 77 K. (&) 1s for TI-A with 4_, (#) s for TI-B
with A, (H) is for TI-C with A, (A) is for Bi-A with H_, (O) is
for Bi-B with A, (O0) is for Bi-C with /.. Solid and dashed
lines are a guide for the eye.
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the main reasons that the J. of the Tl-based tapes
is lower than that of Bi-based tapes.The latter
gradually decrease of J. (negative curvature part as
in Figs. 2 and 3 except for sample TI-A) is ascribed
to thermally activated flux creep (TAFC) [26] in
the intragrains and not due to decoupling of the
strong links. As reported in [30], the flux pinning
strength of strong links was found to be stronger
than the intragrains pinning. TAFC causes dissi-
pation of energy and therefore suppresses J.. From
Fig. 7, J. of the Tl-based tapes exhibits a pla-
teau behavior for /7 > 0.06 T as the field depen-
dence of J. is weaker compared to the Bi-based
tapes. The relatively constant J. (H >006T) re-
flects the stronger flux pinning properties in the
Tl-based tapes as a consequence of stronger in-
terlayer coupling between adjacent Cu-O planes
for the single msulating Tl-O layer of TI-1212
materials [13.31]. The shorter spacing between the
conducting Cu-O planes would reduce the an-
isotropy of the cell unit structure and hence lead to
stronger flux pinning properties of the materials.
Moreover, the pinning strength may be enhanced
by small-scale defects introduced during thermo-
mechanical treatments which act as pinning cen-
ters in the tape [29].

4, Conclusions

The transport critical current density of Bi-
2223/Ag and TI-1212/Ag HTSC tapes subjected
to various thermo-mechanical treatments in low
magnetic fields was compared. All the tapes dis-
play weak link dominated characteristics which 13
more severe in the T1-1212/Ag tapes. The Bi-2223/
Ag tapes show larger anisotropic transport be-
havior compared to T1-1212/Ag tapes in applied
field. This can be associated with the microstruc-
tural difference between these two types of tapes
as revealed from SEMs. The magnetic field de-
pendence of J; exhibiting a plateau for A > 0.06
T was observed in TI-1212/Ag tapes. This indi-
cates the stronger flux pinning properties in Tl-
1212/Ag tapes. The strong interlayer coupling that
resulted reduced structural anisotropy may be
responsible for the plateau in the TI-1212/Ag
tapes.
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