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This is a multiyear experimental research program focused on improving
relevant material properties of high-Tc superconductors and on development of
fabrication methods that can be transferred to industry for production of commercial
conductors. The development of teaming relationships through agreements
with industrial partners is a key element of this program.

Technical Highlights

Recent results on Y-123 bicrystals and grain boundaries, flux dissipation, novel
sheathed Bi-2223 tapes, AC losses in multifilament Bi-2223 conductors, and oxygen
diffusion in Bi-2223 are discussed.

Bicrvstal main bciundaries in Y-123

Grain-boundary (GB) studies in Y-123 have mainly focused on [001] tilt
misorientations, because these are the easiest nongeneral GB misorientations to
fabricate. Real-world conductor applications, however, require GBs with several
other types of misorientations; these can range from [001] twist to [100] tilt to general
misorientations that cannot be simply described about a low-index rotation axis or
pure twist or tilt grain-boundary plane. It is of keen interest to determine if certain
types of misorientation axes or grain-boundary planes are more favorable to current
transport than others. This information can be used to better focus the key
alignment parameters for conductor fabrication. In this report, we describe a
fabrication technique that allows us to explore the role of the rotation axis on
superconducting properties. Specifically, we create samples that contain not only a
[001] tilt grain boundary of some preselected misorientation angle 0, but a [100] tilt
grain boundary of that same 0, and an additional [100] tilt grain boundary of 90°-0.
Because of symmetry, the maximum misorientation that has been generally
discussed for [001] tilt type GBs is 45°, because the samples are twinned and Y-123 is
approximated as tetragonal (a= b).

It has been demonstrated previously that cubic Nd-123 (actual composition at
surface: NdlozsBal.7SCuzo6A10.AOx) seeds can be used to create five-domain Y-123
samples, wherein the five domains are disoriented 90” from each other. Ih an ideal
five-domain sample, as in Fig. 1, the center domain (in this paper labeled “A”)
grows with the c-axis parallel to the vertical direction of the cylindrical pellet, while
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the other four domains grow with the c-axis parallel to the radius of the pellet
. .

(labeled “l” or “2”, and the other two domains disoriented 180° are degenerate). By
combining this concept with dual-seeding concepts of creating [001] tilt bicrystals, we
can form a variety of grain boundaries. From Fig. 2a, we see that with dual cubic
seeds and perfectly straight grain boundaries, the only [100] tilt GBs that can be
formed are of angle 0 that is equal to the misorientation of domains A and A’
(dictated by the placement of the seeds). However, if the GB microscopically
meanders (Fig. 2b), we may find that regions intersect, forming 900-0 [100] tilt grain
boundaries. As the center c-axis normal domains (A and A’) grow in a pyramidal
shape, they will eventually touch at some distance vertically from the top of the
pellet, forming the [001] tilt GBs, like those formed by flat Nd-123 seeds.

~
cubp Nd-123seed Fig. 1.
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Fig. 2.

t A single cubic Nd-123 seed generates
five domains in the Y-123 pellet,
with three symmetrically unique
orientations disoriented 90° from
each other.
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Regions A and B represent the c-axis-normal regions of two five-domain
samples, and the numbered regions all have c-axis in the plane of the paper
in the direction of their arrows. When the A and B regions are disoriented
by 0 and with straight grain boundaries, as in (a), they form 0[100] GBs at
intersections of regions 1-1’ or 2-2’. If the grain boundaries microscopically
meander so that they separate regions 1-2’ or 2-1’, as in (b), a 9oo-(3[1OO]grain
boundary is formed. When regions A and B grow together vertically lower
in the pellet, a 0[001] tilt grain boundary is formed.
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of composition 75’%0Y-123 and 25’XOYzBaCuOs (211), with a small
prepared with Nd-123 seeds. The angle 0 was measured with of

a light microscope (Fig. 3a). Macrophotographs were taken of the sample surface to
determine the post-melt-texture misorientation of the seeds (Fig. 3b). Samples were
then cut with a diamond saw. To verify the misorientation angles, the samples
were etched in a l% solution of HBr in ethanol for =45 s in preparation for obtaining
electron backscatter patterns (EBSI?). Software analysis was used to index the EBSPS
based on the known crystal structure to obtain the misorientation between the two
regions.

Figure 4 shows the Kikuchi patterns from representative areas in grains A and
A’. Because the difference in patterns can be quite subtle, high-quali~ patterns were
required in order to obtain a positive identification of the orientation. Subtle
differences in the patterns, such as the distance between parallel bands and the
number of bands intersecting at a location, help to define the sample orientation.
Patterns were taken as close to the 0[100] and 90°-t3[100] GBs as possible. Table 1
summarizes the range of experimental data; an approximated value for the angle
and axis pair was obtained by taking a median value for the rotation angle and
noting the low index axis that the data had in common. The 0[001], 0[100], and 90°-
fl[100] values are roughly obtained as predicted. A slightly lower rnisorientation
angle for the 900-e might be expected, but besides an experimental error of =1°, the
slight mosaic spread in the melt-textured material can change the value by a few
degrees from that predicted.

The GB misorientation angles have matched the predicted values to within a
few degrees, which is reasonable considering the mosaic nature of melt-textured
Y-123. We have found that imperfect cubic Nd-123 seeds and growth development
actually can help extend the range of boundaries that can be grown. Slight mosaic
spreads of a few degrees are beneficial as well, because small and essentially

Fig. 3. (a) Two cubic seeds are placed at a misorientation angle q on the surface of a
Y-123 pellet before melt-texturing. (b) After melt texturing, the angle
between the seeds is re-recorded.
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A Fig. 4.
Kikuchi backscatter patterns from regions in
grain A and grain A’. The 001 is easily
recognizable by three intersecting bands of high
contrast. Rotation is noted by highlighting the
triangle between the [001], [221] and [301]
directions; the relationship between A-A’ is =43°
[001].

A,

Table 1. Bicrystal grainboundariescreated

Regions Actual 0/axis range Approximate (1and axis

A-A’ 41° [11 9] - 44°[1 o9] 42.5°[001]

2-1’ 41.4° [E i 1] - 42.6°[7 = 5] 42.0°[100]

2-2’ 47.5° [5 liZ 1] - 49.5°[Z i 1] 48.5°[100]

homogeneous regions can be isolated for transport via laser cutting, but the larger
boundary region as a whole allows a small spread of misorientations to be
investigated within one sample. These samples and others that are similar are now
being used in a wide range of characterization studies. .

C~rain Boundaries

Improvements in the performance and economics of coated conductors must
consider the dissipation mechanism in grain boundaries. The flat, bulk grain
boundaries that we made provide a basis for understanding the role of the
meandering grain boundaries found in deposited films and the intrinsic properties
unrelated to the meander. We are now patterning the low-angle 001 tilt boundaries



.,. .

found in coated
recent results on

-5-

. .

conductors. An example of what can be learned is found in our
the temperature and field dependence of the critical current in 900-

tilt bulk grain boundaries. Although this geometry of these grain boundaries is
rather specific, we observed an interesting behavior (described below)that may be a
general property of grain boundaries.

The inset of Fig. 5 shows the geometry used with the magnetic field parallel to
the grain-boundary plane, as well as to the CUO bilayers of the grains. The field
dependence of ICat 84 K is shown in Fig. 5; for the lower curve, the applied field was
turned on after cooling in zero field (ZFC), while for the upper curve the sample
was cooled from above TC in the field applied (FC). Below 1 T, Ic for FC is much
higher than that of ZFC and the ZFC ~ shows a peak near 0.1 T. This hysteretic
behavior of IC can be understood in terms of Josephson-like vortices in the grain
boundary being pinned by an array of pinned Abrikosov vortices in the grains.
According to this modeI, the higher Ic for FC would be the result of a higher
Abrikosov vortex density (essentially the applied field) in the banks of the grain
boundary. For ZFC, such a complete saturation of Abrikosov vortices in the banks
would occur only in high fields, due, e.g., to surface barriers and bulk pinning.
Further work is needed to fully justify this preliminary conclusion.

Noise Properties of Y-123 Films

While the critical current, IC, and current-voltage characteristics, I(V), give us
useful information on flux-creep dissipation, measurements of the noise voltage
can reveal more subtle features of the vortex dynamics. These can provide clues as
to the important properties and characteristics associated with flux-creep dissipation.
The ultimate goal is to connect them to the microstructure and thus propose
fabrication schemes to improve IC.

Our recent analysis of the vortex-motion noise in high-temperature
superconductors showed that the moving vortices consist of vortex line segments
rather than weI1-connected vortex lines throughout the sample thickness. The
vortex lines can break up into segments near the transition temperature TCbecause
the coupling energy between CUO bilayers is comparable to the thermal energy. This
emphasizes the importance of strong Josephson inter-bilayer coupling to enhance IC.

One might expect that pinning defects that span the entire sample thickness
could alter this picture. The present studies use columnar defects in order to
illuminate the effect of correlated piming defects on the breakup of vortex line
segments. Noise was measured in epitaxial Y-123 films as a function of
temperature, magnetic field, and bias current. Results were compared before and
after introducing columnar defects by ion irradiation. Vortex motion always
exhibits a noise peak, which occurs at a field-dependent temperature. With use of a
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Fig. 5.
Critical current vs. applied magnetic
field for grain boundary shown in inset.
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simple model to analyze the noise, the average size of the moving vortex bundle is
proportional to the ratio of the noise power to the average rate of vortex flow, the
time-averaged (DC) voltage, Vdc. We found an increased noise peak magnitude
after irradiation, and interpreted it as an increased bundle size. This could be due to
an increased length of vortex segments due to the interaction with, e.g., pinned
vortices in columnar defects.

Magnetic field and current dependencies of the noise can provide additional
insights into the effects of columnar defects. After irradiation, the noise peak was
almost independent of magnetic field, B, when it is less than about half of the
matching field (i.e., equivalent density of columnar pinning defects), Bf, but dropped
by a factor of 3 for B = 2Bf. However, for B < 0.5Bf, the bundle size is significantly
enhanced in the irradiated sample. This enhancement disappears at higher currents
or fields and is absent in the unirradiated sample (Fig. 6).

shielded 13i-2223 Sunerconductiruz Tapes

We fabricated a new composite tape in which the primary function of the
central Ag-sheathed Bi-2223 filaments was to conduct transport current. A Y-123
thin film was deposited on the top of the Ag-sheathed Bi-2223 tape to shield the
applied magnetic field and protect the Bi-2223 filaments. A 100-nm-thick layer of
SrTi03 (STO) was deposited as a buffer. The critical current densities of the Y-123-
coated, Ag-sheathed Bi-2223 tapes were higher than those of an uncoated tape.
However, the Y-123 thin film exhibited a TC= 72 K and a broad transition region that
shifted the effect to lower temperatures. Furthermore, pole figures showed widely
spread a-b planes along the rolling direction, indicating high-angle grain boundaries
that diminished the magnitude of the effect. IWcrostructural observations revealed
platelike grains of Y-123 with fine growth ledges in the thin film that was heat
treated, in contrast with the microstructure of an as-coated thin film that showed
large twimed grains. From the processing point of view, the results showed that
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Fig. 6. Noise peak in Y-123 films vs. current for conditions shown in legend.

heat treating Y-123 thin fiIm according to the Bi-2223 tape schedule was compatible
with and beneficial for Y-123. These preliminary results may provide a basis for
further improvements in processing long-length Bi-2223 tapes for high-field
applications.

Figure 7 shows the composite conductor. It is possible that an oxygen deficiency
in the as-coated state lowered the TC.

Figure 8 shows the JC dependence of a heat-treated Bi-2223 tape coated with a
Y-123 thin film on applied magnetic field (HaPP) and T; the reference tape in the
figure was uncoated but heat treated under identical conditions. The magnetic field
was applied parallel to the c-axis. Jc was determined from the width of the hysteresis
loop. The increase in JC is attributed to the magnetic contribution of the Y-123 thin
film to the Bi-2223 grains. The increase is more pronounced at lower temperatures
and at higher fields. In our case, the effect is shifted to lower temperatures because
of the critical temperature of Y-123 thin film. Also, the magnitude of the effect is
affected by the disorientation of the Y-123 grains. However, the results of our work
show that this approach can be used to enhance JC of Bi-2223 at higher temperatures
and in higher magnetic fields. Moreover, from the processing point of view, the
results show that heat treating Y-123 thin films according to the Bi-2223 tape
schedule is compatible with Y-123. We believe that the effect will be more
pronounced when substrates with better textures, such as Ag alloys, are used.
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Fig. 7. Schematic diagram of Y-123-shielded Bi-2223 multifilament tape.
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x Fig. 8.
JC at 20, 40, ‘&d 60 K as a
function of magnetic field
applied parallel to c-axis:
solid triangles represent
Bi-2223 tape coated with
Y-123 thin film and heat
treated; open squares
represent uncoated and heat-
treated reference tape.

Ac Losses in Bi-2223 Ta~e~

Much of this work was conducted in collaboration with the All-Russian
Electrical Engineering Institute in Moscow. We present results of study of a 5-m-
long AC transmission line with 1 kA current capability at 77 K. Primary attention
was paid to the current characteristics and AC losses in individual tapes and in the
core of the cable. The losses were measured as a function of AC magnetic field
amplitude in various orientations of magnetic field with respect to the plane of the
tape and filaments. Hysteresis losses were close to the losses in the AC regime,
which indicates that eddy-current losses in tapes may be neglected when compared
with hysteresis losses. We designed and constructed from multifilamentary Bi-2223
tapes a 5-m-long AC transmission line. The core contained 120 tapes for the forward
line and 120 tapes for the backward line.

.,. -— . —-.



-9-

The Bi-2223/Ag tapes were fabricated by Intermagnetics General Corporation.
. .

The tapes were 4.4 mm wide and 0.19 mm thick and contained 37 filaments.
Transport Jc of an elementary tape was measured by a four-point-probe method. V-I
characteristics of several tapes, each =50 cm long, were measured with a
nanovoltmeter (Keithley-181). To obtain a field configuration close to that of the
transmission line, we prepared the sample as two strips put together (like direct and
back-line wires) with a thin insulating layer between them. On the other end, two
current leads were soldered. To check the homogeneity of the current capability, we
mounted four voltage contacts. The distance between contacts was 36.5 cm for each
pair. An increase in voltage with an increase in current at I = 15 and 20 A for a pair
of strips was observed. At higher currents, the voltage increased sharply as a power
function of I. The exponents were =25 and 15 for the two strips. At I >30 A, the
exponents decreased. With a 1 p.V/cm criterion, the critical currents were 26 and
22A.

1. Measurement of Losses by Magnetization Methods

Samples for DC magnetization measurements were cut from a Bi-2223/Ag tape
that contained 37 filaments. Each sample consisted of 10 pieces of tape, each
measuring 0.5 x 0.44 x 0.019 cm. The pieces were joined with tape, so that they were
insulated from each other, and the resulting sample was approximately a cube.
A vibrating-sample magnetometer was used to measure the magnetization loops
M(H). Measurements were performed at 77 K in magnetic fields to 1 kOe. Three DC
magnetic field orientations were considered: (a) field parallel to the tape surface but
perpendicular to the filaments, (b) field directed along the filaments, and (c) fieId
perpendicular to the plane of the tape.

Magnetization loops for the three orientations show that the areas defined by
field orientations a and b are similar to each other, whereas the area defined by c is
much greater. This difference may be related to the orientation of our experiment,
in particular, to the demagnetization factors caused by the flat form of the filaments.
Hysteresis losses were determined from the area of the magnetization loops for
Orientation a in a DC regime. The dependence of hysteresis losses pH on the
maximum H per cycle is presented in Fig. 9. This dependence is typical for hard
superconductors. At low fields of H <50 Oe, losses are proportional to Hs (dashed
line in the figure). At higher fields, the exponent tends to be unity.

To define the total losses in the tape, we measured the dependence of the
imaginary part ~“ of the AC susceptibility as a function of the magnitude ho of the
AC magnetic field for two directions of h with respect to the filaments. The losses Q
(in watts) are related to ~“ by the simple equation Q = 10-7 ~“ hoz Vf/4, where V is
the sample volume in ems. Dependence on AC field amplitude of the total losses
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Fig. 9.

Hysteresis losses per cycle per cubic
meter as a function of magnetic
field H. Dashed line corresponds to
cubic relationship.

per 1 m of tape length for two directions of applied magnetic field
Fig. 10. Curve 1 in the figure corresponds to h paralleI to the filaments,
was obtained for h perpendicular to the filaments.

2. Measurement of Losses by AC Current Methods

is shown in
and Curve 2

To model conditions similar to those of a transmission line, we studied the AC
transport properties of the double-strip sample. The V-I characteristics of the sample
were measured for the AC current I = 10 cos(mt), where o/27c = f, at frequencies of 13
and 60 Hz. A lock-in amplifier PAR 124A was used in differential mode to detect
the voltage that was in phase with the current and shifted on n/2 with respect to it.
The reference was a signal taken from a noninductive resistor in series with the
superconducting tape. A drop in AC voltage is defined by the transport resistivity
(at high currents), remagnetization losses, and eddy current losses in a normal
metal. The losses were calculated by using the in-phase voltage drop V as follows:
Q= V x I (Fig. 11).

We have considered the data for losses obtained by three methods. All of the
data are in good agreement over the entire field range presented. The field range
limit corresponds to =1/2 of the critical current value, i.e., the typical operating
range of the transmission line current. The results from DC and AC magnetization
methods correlate well. Differences are more pronounced at high currents. Indeed,
if some portions of the measured tape contained bad clusters, the losses should be
higher in these regions of the tape than in other homogeneous regions and thus
lead to an increase in losses, which was observed in our experiment.

.
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field amplitude ho is parallel to
filaments (Curve 1) and perpen-
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Fig. 11. AC losses of tape at 60 Hz as a function of RMS AC current.

3. Testing the Model Conductor and Defining its Characteristics

We divided the material into forward and backward lines according to material
volume. The lines contained 120 5-m-long tapes. The current capability of each
strand of the cable was almost the same (=160 A). We used 50-mm-wide Mylar tape

----mTr ---i *.SP T+-?ry?, ,.. , ~... -7- ?T-T.T,- , . .— .7.- -. . . . . , . . ,. . . . . . . . . .
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as the base of each strand. Each tape in the strand was inserted into 120-mm-wide
slits cut across the Mylar tape. The strands exhibited good rigidity, and each
superconducting tape in the strand was well spaced and electrically isolated from the
other tapes.

Wire transposition in the current core does not significantly alter the
performance of transmission cables. Each pair of strands was put on a thin Mylar “
tape in an X-form, wound on a stainless steel former. Such construction enabled the
transposition of the tapes in two strands, but the adjacent three pairs of strands were
not transposed. The outer diameter of the current core after winding was =48 mm.
In accordance with the superconducting current capability, we expected to obtain a
total line critical current of =160x6= 960A.

To test the transmission line, we put the current core into a cryogenic
envelope. We used the short-circuit testing regime by connecting all of the flexible
copper wires from one end of the current core. The current and potential wires
from the other end were inserted through a cap on the cryogenic envelope into the
testing circuits. All flexible current wires were electrically isolated.

We used a transformer current input to supply current to the core. To measure
AC losses in the transmission line, the potential probes were comected to the input
of an amplifier. The measurements were performed at 77 K.

In the first stage of testing, we determined the DC V-I characteristics of
individual strands. DC current was supplied to neighboring strands in series, and
the voltage drop on each strand was measured by a Keithley 181 nanovoltmeter.
Figure 12 shows the V-I characteristics of all strands. Despite matching the equal
current capability of strands, dispersion is noticeable. Contact resistivity changes
from one strand to another over the range of 110 to 120 mW.

We tested the current core of the transmission line in the AC regime at 60 Hz.
The control voltage, which fed the primary winding of the transformer, was
approximately sinusoidal. Inductance of the current. core with the copper current
leads was =0.3 mH. The voltage drop on the copper current leads (the component of
the control voltage that was in phase with the current) was linear with the current.
To obtain the active voltage that was related to the superconducting current core, we
subtracted the linear “part of the voltage drop. The dependence V(I) is close to a
power function with the exponent n = 3.12. Figure 13 shows the dependence of AC
losses W in the current core as a function of the transport current I. The experi-
mental results are shown by closed circles. The losses W increased with I
proportional to
increased faster.

In, with n = 3.8 at currents I c 700 A. At higher currents, losses
Such behavior is related to the transition to the resistive state.
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The AC transmission line model carried an AC transport current of up to
1000 A at 77 K. An increase in current from zero to 1100 A did not lead to serious
disturbances in loading characteristics of the superconducting current core.

Oxy~en Chemlcal
. Diffusion in Bi-222~

The properties of Bi-2223 are strongly influenced by its oxygen content. As with
the other high-temperature superconductors, Bi-2223 loses oxygen during heating
and takes up oxygen during cooling. Although authoritative oxygen diffusion data
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for most of the commercially
data are available for Bi-2223.

. .

important high-temperature
This absence of data is due

in preparing high-quality bulk specimens or sufficiently large

Data from mechanical after-effect measurements in Bi-2223 have been ascribed
to oxygen diffusion. An activation energy of 0.89 eV was calculated from an attempt
frequency of 1013 s-l. Oxygen tracer-diffusion studies in Bi-2212 single crystals have
indicated strong anisotropy with respect to kinetics and mechanism. The diffusion
coefficient within the a-b plane could be expressed as Dab = 8 x 10-s exp(-1.01 eV/kT)
cm%-l; the diffusion coefficient in the c direction could be expressed as DC = 0.06
exp(-2.11 eV/kT) cm%- [2,14]. We concluded that interstitial diffusion dominated
within the a-b plane and that vacancy diffusion dominated in the c direction.

Dense, phase-pure, highly textured, polycrystalline specimens are ideal for
many studies because properties can often be measured along the c direction and
within the a-b plane. Such specimens can be fabricated by sinter forging. Recently
produced Bi-2223 bars have achieved high densities and excellent microstructure
and properties. We report on direct measurement of oxygen chemical diffusion.

Chemical diffusion was measured in pure Oz at atmospheric pressure and 700-
800°C. It was determined by measuring the weight change as a function of time, t,
through thermogravimetric analysis. The density of the final Bi-2223 forging was
6.105 g/cme, which is =97Y0 of the theoretical density. The phase purity and extent of
c-axis alignment were excellent (Fig. 14).
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Fig. 14.
X-ray diffraction spectrum
for sinter-forged Bi-2223 bar;
very strong c-axis texture is
evident.
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In Fig. 15, log D is plotted as a function of 1000/T. For a-b plane diffusion, DO=-.
(1.78 +1.52/-13.3) x 10-s and Ea = 0.96 + 0.17 eV. The trends of these data were
consistent with those of Bi-2212: Chemical diffusion of oxygen was much faster in
the a-b plane than in the c direction. The activation energy in the a-b plane was
=1 eV and the preexponential term for a-b diffusion of oxygen was <<1, which is
consistent with diffusion by interstitial species.
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Fig. 15. Log diffusivities of Bi-2223 as a function
of inverse absolute temperature.

Interactions

Prof. K. V. Rae, The Royal
seminar at ANL on October 12
superconductors.

On October 14, Jim Arps,

Institute of Technology, Stockholm, presented a
on magnetic-field mapping of high-temperature

Southwest Research Institute, San Antonio, TX,
visited ANL and discussed the development of coated conductors, especially large-
area buffer deposition technique.

Dr. T. Kobayashi of ISTEC visited with Balu Balachandran and other members
of the superconductor team on October 15. Several topics of mutual interest were
discussed.

On October 16, Prof. A. Dominguez-Rodriguez of the University of Seville
(Spain) presented a seminar at ANL on methods to prepare functionally graded
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ceramics. He also met with members of the Ceramics Section to discuss mechanical
properties of Bi-based superconductors.

Balu Balachandran visited Los Alamos National Laboratory on October 23 and
discussed the joint effort to develop coated conductors.

On October 26, Dr. Qingyu Hu of the National High Magnetic Field Laboratory
at Florida State University presented a seminar at ANL on recent developments
with Ag-sheathed Bi2223 conductors.

Balu Balachandran attended the International Superconductivity Symposium
(1SS’98), November 17-19, in Fukuoka, Japan.

On November 19, Ken Goretta presented at the University of Missouri-Rolls a
seminar on mechanical properties of high-temperature superconductors. He met
with several professors to discuss topics of mutual interest and possible
collaborations.

On November 30 through December 3, several members of iihe superconductor
team presented talks and posters at the 1998 Fall Materials Research Society Meeting.
Informal discussions were also held with many members of the superconductor
community.

Prof. Kohji Kishio of the University of Tokyo visited ANL on Dec. 4. Among
topics discussed were flux pinning, anisotropy, and synthesis of newer compounds.

On December 14, Balu Balachandran visited IGC, Latham, NY, to discuss the
status and future of our joint efforts.

List of Publications

Published:

S. Salib, A. N. Iyer, C. Vipulanandan, K. Salama (Texas Center for Supercon-
ductivity); and U. Balachandran, Electromechanical Characterization of Silver-Clad

. BSCCO Tapes, Appl. Supercond. 6,1-9 (1998).

M. Lelovic, N. G. Eror (U. of Pittsburgh); U. Balachandran, B. C. Prorok;
V. Selvamanickam, J?. Haldar (IGC); J. Talvacchio, and R. Young (Science & Tech.
Center), Shielded High-TC (Bi,Pb)@2CazCu30Y (Bi-2223) Superconducting Tapes,
Supercond. Sci. Technol. 11,1255-1260 (1998).
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K. C. Goretta, D. S. Kupperman, S. Majumdar, M. W. Such; and N. Murayama
. .

(Natl. Industrial Res. Inst. of Nagoya, Japan), Elastic Constants of Dense, Textured
(J3i,Pb)J3r2Ca2Cu30y, Supercond. Sci. Technol. 11,1409-1411(1998).

T. A. Deis, M. Lelovic, N. G. Eror, and U. Balachandran, Effect of Ag Doping on
Structure and Critical Temperature of BizSr2CaCuzOs+d Superconductors, Appl.
Supercond. 6,279-284 (1998).

Z. J. Yang, Interaction between a Magnetic Dipole and a Superconducting Sphere,
Solid State Commun. 107,745-749 (1998).

fhrbmitted:

S. P. Athur, P. Putman (Texas Center for Superconductivity), U. BaIachandran, and “
K. Salama (Texas Center for Superconductivity), Phase Formation and Melt
Processing of Yb-123, Submitted to Appl. Supercond..

U. Balachandran and M. Lelovic; N. G. Eror (U. of Pittsburgh); J. Talvacchio and
R. Young (Northrop Grumman); V. Selvamanickam and P. Haldar (IGC),
Enhancement of Critical Currents in (Bi,Pb)2SrzCazCusOY (Bi-2223) Superconducting
Tapes, Proc. 1998 Intl. Syrnp. on Superconductivity, Fukuoka, Japan, Nov. 16-19,
1998.

J.-H. Park, K. C. Goretta, and N. Murayama (Natl. Industrial Res. Inst. of Nagoya,
Japan), Chemical Diffusion of Oxygen in Dense, Textured (Bi,Pb)SrzCa2Cus0, Physics
C, in press (1999).

A. Deptula, W. Lada, T. Olczak (Inst. of Nucl. Chem. & Tech.); and K. C. Goretta, Sol-
Gel Preparation of Bi-Sr-Ca-Cu-O/l?erovskites Nanocomposite Powders and Thin
Films on Metallic Substrates, Abstract to be presented at Materials Research Society
Spring Mtg., San Francisco, April 5-9,1999.

D. J. Miller, K. E. Gray, M. B. Field, and D. H. Kim (Yeungnam U.), The Influence of
Vortex Pinning and Grain Boundary Structure on Critical Currents Across Grain
Boundaries in YBaCusO, Presented at 1998 Applied Superconductivity Conf., Palm
Desert, CA, Sept. 13-18, 1998; to be published in IEEE Trans. Appl. Supercond.

M. B. Field, V. R. Todt, D. J. Miller (MSD); and D. H. Kim (Yeungnam U.), The Effect
of the Grain Boundary Plane on Transport Properties of Bulk Scale 90° [100] Grain
Boundaries in ~a2@OG+~, Submitted to Applied Physics Letters (Oct. 1998).
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J. H. Cheon and J. P. Singh, Mechanical Fatigue Resistance-of Ag-Sheathed BSCCO “”
Tapes Made by Powder-in-Tube Technique, Abstract to be presented at 10lst Ann.
Mtg. of the American Ceramic Society, Indianapolis, April 25-28,1999.

R. L. Thayer, S. R. Schmidt, S. E. Dorris, J. W. Bullard (U. of Illinois), and M. T.
Lanagan, Reactive Sintering and Retrograde Densification of Bulk Bi-Based
Superconductors, Submitted to J. Am. Ceram. Sot. (Nov. 1998).

U. Balachandran, M. Lelovic, B. C. l?rorok; V. Selvaminickam and P. Haldar
(Intermagnetics General Corp.), Fabrication and Characterization of Ag-Clad Bi-2223
Tapes, Invited abstract to be presented at 10lst Ann. Mtg. of the American Ceramic
Society, Indianapolis, April 25-28,1999.

J. R. Hull and A. Cansiz, Vertical and Lateral Forces Between a Permanent Magnet
and a High-Temperature Superconductor, Submitted to J. Appl. Phys. (Oct. 98).

A. N. Iyer, S. Salib, M. Mironova, C. Vipulanandan (Texas Center for
Superconductivity), U. Balachandran, and K. Salama (Texas Center for
Superconductivity), Fabrication and Electromechanical Characterization of Silver-
Clad BSCCO Tapes, Submitted to Appl. Supercond. (Oct. 1998).

1996- 8 Patents:

Method for synthesizing and sinter-forging Bi-Sr-Ca-Cu-O superconducting bars
Nan Chen, Kenneth C. Goretta, and Michael T. Lanagan
U.S. Patent 5,821,201 (Oct. 13, 1998).

Mixed-mu superconducting bearings
John R. Hull and Thomas M. Mulcahy
U.S. Patent 5,722,303 (March 3, 1998).

Synthesis of increased-density bismuth-based superconductors with cold isostatic
pressing and heat treating
Michael T. Lanagan, John J. Piccolo, and Stephen E. Dorris
U.S. Patent 5,674814 (Oct. 7, 1997).

Near net shape forming of continuous lengths of superconducting wire
Stephen Danyluk, Michael McNallan, Robert Troendly, Roger B. Poeppel,
Kenneth C. Goretta, and Michael T. Lanagan
U.S. Patent 5,661,113 (Aug. 26, 1997).
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Method for obtaining large levitation pressure
bearings
John R. Hull
U.S. Patent 5,654,683 (Aug. 5, 1997).

in superconducting

Low-loss, high-speed high-TC superconducting bearings
John R. Hull, Thomas M. Mulcahy, and Kenneth L. Uherka
U.S. Patent 5,640,887 (June 24, 1997).

. .

magnetic

Seed crystals with improved properties for melt processing superconductors
practical applications
Boyd W. Veal, Arvydas P. Paulikas, and Uthamalingham BaIachandran
U.S. Patent 5,611,854 (March 18, 1997).

High temperature superconducting fault current limiter
John R. Hull
U.S. Patent 5,600~22 (Feb. 4, 1997).

Method for harvesting single crystals from a peritectic melt
Volker R. Todt, Suvankar Sengupta, and Donglu Shi
U.S. Patent 5$49,748 (Aug. 27, 1996). ...,

..

for

Method of producing improved microstructure and properties for ceramic
superconductors
Jitendra P. Singh, Rob A. Guttschow, Joseph T. Dusek, and Roger B. Poeppel “
U.S. Patent 5,525,586 (June 11, 1996).

Method for harvesting rare earth barium copper oxide single crystals
Volker R. Todt, Suvankar Sengupta, and Donglu Shi
U.S. Patent 5fi04,060 (April 2, 1996).

Rapid formation of phase-clean 110 K (Bi-2223) powders derived via freeze-drying
process
Uthamalingham Balachandran and Nicholas G. Eror
U.S. Patent 5,523,285 (June 4, 1996).

Process of Preparing Superconductors
Stephen E. Dorris, D. A. Burlone (BASF), and C. W. Morgan (BASF)
DOE Case No. S-82,194; report ANL-IN-94-090, application filed July 19,1995.
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Surface Texturing of Superconductors by Controlled Oxygen Pressure
. .

Nan Chen, Kemeth C. Goretta, and Stephen E. Dorris
Serial No. 08/649,865; report ANL-IN-96-052, application filed May 10, 1996, several
claims allowed Feb. 1998.

Automatic HTS Force Measurement Instrument
Scott T. Sanders and Ralph C. Niemann; report ANL-IN-96-077, application filed
April 10,1997.


