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Key microstructural features of
Bi2212 and Bi2223 wires
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Sibling materials, but different
architectures are needed for high J

Bi,Sr,Ca,Cu;0, (Bi2223) conductors

— Flat tape
Bi-O — e
Sr-0
s Bi,Sr,Ca,Cu,0, (Bi2212) conductors
Cu-0 — Round wire
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% Bi2223: Uni-axial texture
- +Bi12212: No macroscopic texture
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Presentation Notes
Bi2212 and Bi2223 are the sibling material of BSCCO, sharing the similar layered crystal structure in which Bi2223 has extra Cu-O and Ca-O planes. However high Jc Bi2223 conductors require the uniaxially textured tape architecture, whereas Bi2212 allows us to make a high Jc round wire conductor without macroscopic texture.
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Planar bi-crystal studies have
shown strong J. decay at HTS GBs
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% Generally high angle GBs should be avoided
< Typically the J_ of highly textured HTS is better
than that of untextured
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Presentation Notes
Previous studies of HTS bicrystal thin films have shown that Jc across grain boundaries (GBs) exponentially decreases as a function of GB misorientation angle. Therefore, it has been generally thought that high angle GBs must be avoided for high Jc, and that the Jc of highly textured HTS where GB misorientations are minimized is typically better than that of the untextured.
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Elimination of Bubbles is the key
for high J_. Bi2212 RWs
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Presentation Notes
The Bi2212 round wires suffered from low Jc, especially for long lengths. But recently we found that the bubbles in the Bi2212 filaments are the primary current limiting factor, leading to the development of densification processes to eliminate these obstructing bubbles. Now the conductor current density Je of Bi2212 round wires exceeds 600 A/mm2 at 4.2 K, 20 T.
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Fully dense Bi2212 RWs now show higher
J. than highly textured Bi2223 tapes
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“ Why do the
macroscopically
untextured RWs show
higher J_.?

< Are HAGBs more
transparent in Bi2212?

% Or any mechanisms
that compensate the
RW architecture?
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Comparison of I_ in fields between
B|2223 flat and B|22] 2 round wires
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< I. hysteresis in fields is caused by granularity of

superconductors
% Transport current passes through weak links in Bi2223
Fy “+ Weak links may be absent in Bi2212

iy,
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Presentation Notes
When the Ic with increasing fields is lower than that with decreasing fields, the transport current paths are dominated by the granularity of superconducting grains in the conductor. The Bi2223 flat tape clearly shows Ic hysteresis in fields, whereas the Bi2212 round wire doesn’t.
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Electron Backscatter Diffraction (EBSD)
was used to visualize and analyze the
microstructure of BSCCO

Carl Zeiss 1540 EsB Field
Emission SEM

© Copyright 2012 EDAX Inc.

% The sample surface must be very clean - otherwise the
diffraction signals will be blocked
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Uniaxial [001] texture is clearly seen in a Bi2223
tape conductor

Magenta: <20°
[t10] Dark Blue: >20°

[100]

(ol % Transport current mostly
Lo | passes across HAGBs
S i T with >20° misorientation
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Presentation Notes
Due to the anisotropic, layered crystal structure, the Bi2223 grains appear as plates whose planar surface is parallel to the ab-plane. Because of the uniaxial texture produced by rolling, Bi2223 grain orientations mapped with the ND projection axis appear in green, blue or mixture of these two colors, and lack the component of red color which denotes the [001] c-axis. As shown in figure c, the dominant GBs are straight and parallel to the ab-plane of adjacent grains, and most of the GBs are close to the direction parallel to the tape surface. Quite visible here is the uniaxial [001] texture that is the object of the deformation and growth induced texture processing route.
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Grain/GB structure in a Bi2212 filament
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*Animation made by P. J. Lee
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Presentation Notes
~600 m long montage of the grain map of a Bi2212 filament. The grain structure looks different from one place to another.
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Typical grain structure in a Bi2212 RW

Grain dimensions
(ab vs c-axis) are
more anisotropic

Larger area of
GBs//ab-plane due
to the more
anisotropic grain

-y - = - shape _
- = e There are regions
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Presentation Notes
There is the region of red-orange color in which the grain orientations parallel to ND are close to the [001] direction (c-axis), forming the colony structure whose boundaries are close to the 90 degrees misorientation to the adjacent regions. As well as Bi2223, the Bi2212 appears as plates due to its very anisotropic crystal structure. However the Bi2212 grain dimensions are generally more anisotropic than Bi2223.
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Typical GB structure in Bi2212

Magenta: <20°
Dark Blue: >20 Most of GBs appeared here have <20°

misorientation
There are more current paths that consists of

just <20° GBs.
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Presentation Notes
The Bi2212 grains are ~50-300 m in diameter that is up to almost 10 times larger than that of Bi2223 grains, forming more GBs that are parallel to the flat planes of grains. Comparing the magenta/dark blue distribution between Bi2223 and Bi2212, unlike the Bi2223 GB map, there are current paths that contain only GBs with less than 20 degrees misorientation.
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GB fraction as a function of
misorientation angle
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< In the Bi2223 flat filament, the GB misorientation angles are
broadly distributed from <5° to 45°

% The distribution of Bi2212 misorientation angles shows a
r sharp peak around 10-15°

=
&l

e Applied Superconductivity Center
The National High Magnetic Field Laboratory -



Presenter
Presentation Notes
The misorientation angle of all GBs that appeared in Bi2223 and Bi2212 are compared here. The fraction of GB length is plotted as a function of misorientation angle. In the Bi2223 flat filament, the GB misorientation angles are broadly distributed from <5 to 45 degrees. On the other hand, the distribution of Bi2212 GB misorientations shows a sharp peak around 10-15 degrees.
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Anisotropic BSCCO crystal defines in-
plane and out-of-plane misorientation
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Due to the layered crystal structure of BSCCO, we can define the two types of grain rotation and GB misorientation – In-plane rotation/misorientation whose axis is parallel to the c-axis, and out-of-plane rotation/misorientation whose axis is parallel to the ab-plane.
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Bi22] 2 grain orientations in the filament

« The orientations
parallel to the ND
are plotted in IPF

 Dotted lines
represent 15’ in-
and out-of-plane
misorientation
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Along the ND direction, the distribution of grain orientation is quite broad, up to ~8-85 degrees from the ab-plane, toward the out-of-plane direction, although they are confined within ~15 degrees from [100] along the in-plane direction.
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Bi22] 2 grain orientations In the filament
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< Along the filament direction, both in- and out-
of-plane misorientation is ~15° or less
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The grain orientations along the RD direction are preferentially [100] with only a ~15 degrees variation of misorientation both in- and out-of-plane directions.
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The Bi2212 filament has greater out-of-
plane misorientation along the radial
direction
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Presentation Notes
In Bi2223, the out-of-plane misorientations are less than 15 degrees due to the strong uniaxial-texture, but the in-plane orientations are completely random. On the other hand, in Bi2212, [100] of grains always orient along the wire direction, although the Bi2212 grains rotate almost randomly around the wire direction.
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The Bi2212 has fewer in-plane
misorientation

110 110
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rotation <
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% The in-plane misorientation in Bi2212 is almost
~+15° or less

ﬂ <+ Meanwhile, almost random in-plane orientation in
\F & Bi2223
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Presentation Notes
As well as along ND, the out-of-plane misorientations are less than 10 degrees with the random in-plane misorientations. Interestingly, in Bi2212, both the in- and out-of-plane misorientations are caged in ~15 degrees around [100], indicating Bi2212 has the local quasi-biaxial-texture. This quasi-biaxial texture seems responsible for the high Jc in Bi2212 round wires.
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Conclusion

< Two BSCCO sibling materials require two different
architectures for high J_ wires

% Bi2223 needs high uniaxial texture
% Bi2212 does not need macroscopic texture

% The Bi2212 RWs show no Jc(H) hysteresis

% Strong indication that the Bi2212 grains are strongly
coupled

“» There must be HAGBs, but they don’t dominate transport J_
% Bi2212 has the unique grain structure

% There is a huge amount of local texture, although prior

deformation (wire drawing) can play no role in the grain
growth

% The out-of-plane misorientation along the filament
direction is ~15°

* Surprisingly in-plane misorientation is ~15° too
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