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Abstract

In this contribution, we apply orientation imaging microscopy (OIM) to melt-textured, bulk
YBa2Cu3Oy (YBCO) samples, which require to perform an automated two-phase analysis.
Both YBCO and the green phase Y2BaCuO5 (Y-211) are of orthorhombic crystal structures,
but with clearly distinct unit cell parameters. We obtain the orientations of the individual
crystallites and the misorientation distributions for both YBCO and Y-211. From the obtained
data, we calculate the orientation distribution functions.
 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Melt-texturing of YBa2Cu3Oy (YBCO) is a very important means to produce large
bulk disk-shaped samples, which are used in a variety of applications unique to high-
Tc superconductors, like e.g. flywheels, rotors of electromotors, etc. [1]. However, the
control of the growth process conditions is essential in order to create homogeneous,
monolithic samples with a large number of intrinsic flux pinning centres. Especially
the presence of grain and subgrain boundaries poses a large problem in high magnetic
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field applications [2,3]. This type of sample can be very well analysed by means of
orientation imaging (OIM or sometimes called electron-backscatter diffraction,
EBSD), but it is essential that a two-phase analysis is performed as the melt-textured
YBCO samples contain a certain amount of green phase particles (Y2BaCuO5, Y-
211), which play a major role as flux pinning centres. Both YBCO and Y-211 have
orthorhombic unit cells, but with clearly distinct crystal parameters. The OIM analy-
sis is a powerful tool to obtain the local crystallographic orientations, thus enabling
a visualisation and determination of the microstructural properties [4,5]. Up to now,
only one single experiment on melt-textured samples was published in the literature
[6], which, however, showed serious difficulties concerning the Kikuchi pattern qual-
ity, thus not allowing mapping to be performed. In this contribution, we present the
results of such a two-phase analysis on a typical melt-textured YBCO sample.

2. Experimental

Melt-textured YBCO samples were produced using the standard procedure [7]. To
the YBCO starting powder, an additional amount of 20 vol.-% Y-211 powder is
added prior to the melt-texturing. An additional oxygen treatment is required to
obtain superconducting YBCO. For the OIM analysis, small pieces were cut from
the bulk pellets to a nearly cubic shape with 1.5 mm edge length. The samples were
subsequently dry polished using 3M polishing papers as described in Ref. [8], using
ethanol for cleaning purposes. This procedure was demonstrated to work well on
various polycrystalline YBCO samples [8].

As EBSD system, we employ a CamScan series 4 microscope equipped with a
TSL OIM analysis unit [9]. The Kikuchi patterns are generated at an acceleration
voltage of 25 KV, recorded by means of a low-light CCD camera. The typical rec-
ording speed of our EBSD system is of the order of 1–2 s/pattern; in the case of a
two-phase scan the time may be slightly longer. To produce a crystallographic orien-
tation map, the electron beam is scanned over a selected surface area and the resulting
Kikuchi patterns are automatically indexed and analyzed (i.e. the Kikuchi bands are
detected by means of the software). These data are then further analyzed using the
analysis software package. For a proper OIM scan of such a melt-textured sample,
a two-phase scan must be performed, where the major phase is YBCO and the sec-
ondary phase Y-211. The OIM software enables such a scan with different phases;
the measure for the controlling computer to check for the secondary phase is the
confidence index (CI), which is determined to each indexation of a Kikuchi pattern.
If a user-specified value for the minimum CI is underrun, the computer will attempt
an indexation of the pattern with the secondary phase. In this way, a two-phase
map can be produced, yielding e.g. information about the phase boundaries and the
phase distribution.
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3. Results and discussion

Fig. 1 presents the Kikuchi patterns and indexing of YBCO (a) and the Y-211
phase (b). In the case of the YBCO pattern indexed with the maximum confidence
index CI = 1, we obtain the Euler angles φ1 = 22.92°, � = 9.78° and φ2 = 96.06°
corresponding to a (0 0 1) orientation showing the (0 0 1) star in the upper part of
the pattern. For Y-211 we find (also with CI = 1) φ1 = 88.62°, � = 90° and φ2 =
286.72°, with the (-1 0 1) pole on the lower left side of the pattern.

The OIM results can be presented in maps (Fig. 2), separatedly for the two phases.
The first map (a) is a phase map, where the YBCO is represented in dark grey, and
the green phase in light grey. Only a minor fraction (YBCO—98.6%, Y-211—1.4%)
of green phase was detected here. Maps (b), (c) and (d) present inverse pole figure
maps in all three crystallographic directions [0 0 1], [1 0 0] and [1 1 0] of this
sample for both YBCO and the Y-211 phase together. The orientations are given in

Fig. 1. Kikuchi patterns and indexation of YBCO (a) and Y-211 (b).
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Fig. 2. OIM mapping. (a)–phase map, (b)–(d) IPF maps in [0 0 1], [1 0 0] and [1 1 0] directions,
respectively. The crystallographic orientations are given in the color-coded stereographic triangles for
YBCO and Y-211.
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Fig. 3. Pole figures in [0 0 1] direction for the YBCO phase (a) and the Y-211 phase (b).

the color-coded stereographic triangles for both phases. The well-developed c-axis
(0 0 1) texture of this sample is clearly demonstrated here, whereas the Y-211 phase
does not exhibit any dominating direction. From the phase map, one can see that
the Y-211 particles are often found close to cracks and voids in the bulk sample.
Furthermore, the IPF maps reveal the subgrain structure of the sample. The subgrains
are separated from the main grain by low-angle grain boundaries with angles up to
5°. A comparison of the phase map (a) and the IPF maps reveals further that the
misoriented YBCO grains are located around the Y-211 particles, which indeed
forms a severe obstacle for the homogeneous YBCO growth.
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Fig. 4. ODF function for the YBCO phase.

Fig. 3 shows the corresponding pole figures in [0 0 1] direction (= normal direc-
tion, ND) for both YBCO and Y-211, respectively. RD refers to the so-called refer-
ence direction along the sample tilt, and TD to the transverse direction. From these
figures, it is again clearly visible that there is no dominant texture of the Y-211,
whereas YBCO exhibits a clear (0 0 1) or c-axis texture. Finally in Figs. 4 and 5,
we present the calculated ODF functions for YBCO and the Y-211 phase, illustrating
the strong texture of the melt-textured YBCO sample in (0 0 1) direction. In contrast,
the Y-211 phase does not exhibit any preferred grain orientation. We also see from
the ODFs that the Y-211 particles are not oriented in (1 0 0) or (0 0 1) directions
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Fig. 5. ODF function for the Y-211 phase.

at all; the crystallites do evidently not fit together due to the different unit cell para-
meters, so intermediate orientations are preferred. From the two-phase mapping, we
learn that between the Y-211 grains, the YBCO phase is not growing in (0 0 1)
orientation, but shows also different orientations and correspondingly, small grains
in order to accommodate the internal stresses due to the unit cell mismatch [10].

The interaction between the Y-211 and YBCO clearly reveals that it will be an
essential task to further reduce the size of the Y-211 particles—especially to avoid
the growth of large Y-211 particles completely. This will not only be beneficiary
for the enhanced flux pinning properties, but also enable a more homogeneous growth
of the YBCO phase.
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4. Conclusions

OIM imaging was successfully applied to bulk, melt-textured YBCO samples. A
two-phase analysis allows to study the interactions between YBCO and the Y-211
particles embedded in the YBCO matrix. We found that the presence of especially
large Y-211 particles severely disturbs the homogeneous growth of the YBCO phase,
thus a further reduction of the Y-211 particle size will be essential for the further
development of melt-textured YBCO bulks.
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