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Grains morphology, texture and grain alignment, variations in chemical composition together
with critical currents have been studied as a function of coordinate along the length of elongated
melt-textured YBCO rod specimens. Significant inhomogeneities in critical currents and chemical
composition (211/123 compositional ratio and oxygen content) were observed for different sections of
the specimens. A strong correlation between critical current and compositional parameters has been
found.

H3yuenst Mmopdonorns, Tekerypa Kpucrammueciux 3¢peH, U3MeHenns XHMHYECKOro CocTaBa, a
Takike KpUTH'UCCKHE TOKM B 3aBHCHMMOCTH OT KOOPJMHATHI BAO/b ATHHHOM EPHBIX cTepHeoGpasHbIX
YBCO 06pasios, nomyyennbix pacniagHoii TexHonorued. N9 pasnMUHBIX Y4aCTKOB N0 JTHHE 06-
PAa3sUOB HAHAEHLI 3HAYMTEbHbIE HEOQHOPOAHOCTH BeMUMH KPHTHYECKOr0 TOKa H XMMHYECKOTO CO-
craBa. OGHApYKeHa CHIIbHAA KOPPEIALMA MeXIy KPUTHIECKHMM TOKAMM K KOMNO3ULHOHHBIMH Mapa-

MeTpaMH MaTepuana.

Introduction

Critical current densities exceeding 104 A/cm?
at 77 K and | T have been achieved in melt proc-
essed YBaZCu307_y ceramic superconductors [|-
2]. The increase in the critical current values is
attributed to the reduction of the weak-link ef-
fects as a result of grain growth and grain align-
ment in the melt-texturing process. In such speci-
mens, an excess of Y,BaCuOg (211) phase is al-
ways formed in originally pure YBazcu307_y
(123) material due to incomplete peritectic reac-
tion. These 211 phase inclusions are considered
to be possible centres for magnetic flux pinning
[3]. The 211 phase may also affect the critical cur-
rent density indirectly giving rise to an enhanced
density of pinning centres such as dislocations,
. stacking faults and other extended defects [4].

It is important to assess the role of possible
technological inhomogeneities in the melt-textur-
ing process. For this purpose, we report here in-
vestigations of the microstructure and chemical
composition together with critical current density
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distribution along the length of bar specimens of
melt-textured YBa;Cu305_, ceramics.

Experimental

Chemically pure Y205 Ba(NOg3), and CuO
or CuQ, were used as the main starting materi-
als. To improve electrophysical properties,
minor additives of Mn, Zr and W oxides were
substituted for some part of copper oxide so
that the composition of initial superconducting
material corresponded to the formula
YBa,Cu; g6Mng 221,01 Wo,0107-y [S]- This star-
ting material was synthesised by conventional
solid-state reaction with a maximum temperature
of 800°C for 3 hours. Then, elongated rectangu-
lar bars with typical dimensions of 100x2x2 mm
were pressed and sintered at 920°C for 20 h and
at 970°C for 20 h and then.cooled to 450°C at
100°C/h. ¥

A variation of zone-melting technology [5]
was used for production of textured samples. The
sintered specimens underwent heat treatment in
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Fig.l. Scanning electron microphotographs taken
from the upper surface of the melt-textured rod
specimen (a) and from one of its cleavage sur-
faces (b).

air ambient in a horizontal tube furnace of a spe-
cial design in which the temperature profile had a
gradient of not less than 50°C/cm at the end of
the heating zone. The specimens were placed on
alumina substrates covered with powdered mix-
ture of BaTiO5 and Y,05 (2:1 by weight). The
maximum temperature in the heating zone was
chosen individually for each batch with precision
of +1°C in the 1110-1120°C interval. The velocity
of sample transport through the heating zone was
2 mm/h.

After that, the bar specimens were oxidized in
oxygen atmosphere at 600°C for | h, cooled to
570°C at 6°C/h and then to 450°C at 60°C/h. Fol-
lowing 5 h at this temperature the specimens were
cooled to 400°C where they remained for a fur-
ther 5 h, before furnace cooling to room tempera-
ture in a continuous oxygen flow. Prior to treat-
ment in oxygen atmosphere, silver paste elec-
trodes spaced 7-10 mm apart along the length of
the specimen were employed onto the specimens.

The grain composition and microstructure
were studied by analytical scanning electron mi-
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I'ig.2. The AI'M height profile across one of the
large grains on the upper surface of the specimen.

croscopy (SEM) using a JEOL JSM-35C instru-
ment equipped with an energy dispersive X-ray
spectrometric (EDS) electron probe (EPMA).
A Phillips PW 1710 based diffractometer was
used for X-ray diffraction measurements using
Co K, radiation. Fragments broken from long
bars as well as crushed powdered samples pre-
pared from them were studied. A Debye-Scherrer
camera operated in rotation mode was applied to
study the character and degree of texturing in the
samples. Atomic force microscopy (AFM) studies
were performed in air under ambient conditions
using a Discoverer Topometrix TMX2000 Scan-
ning Probe Microscope (SPM). A 70 pm scanner
was used and maging was performed at a scan
rate of 120 pms ! in contact mode using forces in
the range of | to 50 nN. Standard profile silicon
nitride tips were used for contact mode imaging.
Graphical output was displayed on a monitor
with a resolution of 400 linesx400 pixels. Images
were levelled by plane-fitting and left-shading
was used to enhance topographic features.

Transport critical currents in various sections
of elongated bar specimens were measured
by four-probe impulse method at 77 K [6].
For estimation of critical current, [, the crit-
erium /7 < 1 pV was used.

Results and discussions

As seen in the SEM micrographs: taken from
different faces of the elongated superconducting
bars, the stacks of large plate-like grains are typi-
cal for the microstructure of melt-processed
specimens (Fig.1). These large grains lie at ap-
proximately 45° to the bars longest axis and are
separated on the outer faces of the bars by
smaller grains. These smaller grains are often
seen also on the cleavage surfaces of the samples.
An AFM height profile (Fig.2) provides more
quantitative characteristic for one of the large
plate-like grains seen in the surface of a bar sam-
ple. The grain, lying at 45° to horizontal (i.e. bar
facial) plane, is ~ 27 um thick as calculated from
the data shown in Fig.2.
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Fig.3. Typical SEM images showing grain align-
ments in cross-section cut perpendicular to the
specimen largest axis.

The character of the large grain alignment is
more readily seen in micrographs taken from
cross-sections cut perpendicular to the bar axis
(Fig.3). Large plate-like grains 10-30 pm thick
extend very often through the whole geometrical
volume of the bar. The regular alignment of these
plate-like grains is sometimes interrupted either
by large plate-like grains of another crystal-
lographically equivalent orientation (Fig.3a) or
by smaller randomly oriented grains which are
often rather circular in cross-sections (Fig.3a,b).
Results of electron microprobe analysis (Fig.4)
show that the chemical composition of large
plate-like grains corresponds in most cases to
YBa20u3O7_ (123 phase). In a few cases, we ob-
served plate- h.ke grains of Y,BaCuOg (211 phase)
but, more often, the composition analysis identi-
fied intergrowths of 123 and 211 phases with the
average compositional ratio close to 1:1. The
composition of the smaller grains was usually
found to be Y,BaCuOg, but sometimes
YBa,Cuy0;_, needle-shape small grains were
also found during the analysis. However, small
grains with intermediate composition, as in inter-
growths, were never observed.
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Fig.4. Energy dispersive spectra taken by locating
the electron probe on various grains and showing
three observed compositions for plate-like grains:
211 phase (1); 123 phase (2); an intergrowth of 123
and 211 phases (3). .

The diffraction patterns taken in the PW 1710
based diffractometer from the whole bar speci-
mens oriented with their longest axis perpendicu-
lar to the incident X-ray beam showed all the
peaks belonging to 211 phase but practically no
reflections from grains of 123 phase Comparing
this fact with SEM data on grain morphology
and composition, we conclude that smaller 211
grains in the specimen are randomly oriented and
produce a diffraction pattern of powder type. At
the same time, 123 phase is strongly textured and
its grains give no diffraction peaks under the ap-
plied geometry of X-raying.

To study the character and degree of the tex-
ture in large grains, the fragments cut from the
bar specimens have been X-rayed in the Debye-
Scherrer camera operated in rotation mode using
several different orientations of the bar longest
axis with respect to the rotation axis. In the pho-
tos with recorded diffraction patterns, continu-
ous diffraction rings from 211 grains are fixed.
Reflections from 123 grains are seen as groups of
narrow-spaced spots. A strong alignment of all
three orthogonal crystallographic axes in differ-
ent grains is evident from these data. The studied
melt-textured specimens represent a «block struc-
ture» close to a single crystal. The possible
misorientation of crystallographic axes between
various large 123 grains is assessed to be a few
angle degrees. But the most essential type of
grain misorientation is the observed change of ¢
axis orientation by 90°, i.e. the change of the or-
thorombic distortion in different grains between
{100} equivalent directions of the cubic perov-
skite structure. This type of crystallographic
misorientation may be related to the observed by
SEM large-angle misorientations of plate-like
grains (Fig.3a).

Measurements of critical currents /, in differ-
ent sections along the length of melt-textured bar
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Table 1.

x(0) | 6.80 | 6.85 | 6.88 | 6.85 | 6.90
10) | 8 | 160 |>140]>150 | >200

1(0.3) 20 200 | 200 | 140 20

specimens showed considerable 'variations in 7
values. To approach the nature of these inhomo-
geneities in melt-texturing process, these sections
(excluding the material under the electrodes) were
cut from the rods after electrical measurements,
then crushed and ground in an agate mortar into
a fine powder and X-rayed in the diffractometer.
Considerable variations in relative amounts of
123 and 211 phases as well as in 123 unit cell
parameters were noticed (Table 1).

The relative amounts of 211 and 123 phases
were assessed from X-ray diffraction data (Fig.5
and 6) as the ratio of intensities Iy /145 of
strongest peaks for these two phases. The oxygen
content, given in the Table 1 as oxygen formula
index x(O), was also determined for the same sec-
tions of the samples. For that purpose, dygg, da,
dyyo spacings were determined from diffrac.
tion patterns. The calibration dependence of
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Fig.5. Fragments of X-ray powder diffraction pat-
terns obtained from various sections (a-/) along the
length of specimen 138. The peaks relating to 123
phase are marked with circles (0) and those relating
to 211 phase with crosses (x).
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Table 2.
Parame- Section along the length of the bar Parameters Linear regression | Correlation
ter A [ b | & | LI - J £ . 9 equation coefficient
Specimen 138 Specimen 138
I /123 | 0.159 | 0.141 | 0.060 | 0.032 | 0.050 0.084 Lydlas | x(0) = —0.814x+6.93 0.85
x(0) 6.83 | 6.80 | 6.88 | 6.85 | 6.92 | 6.84 Lyhas | L00) |y =—790x+206 0.85
1.(0) 90 90 | =130 | 110 | >200] 130 Dy gn | 1(03) |y =-1210x+242 0.87
1.03) | 70 | 90 |>200]>160 250 | 30 | L Specimen 147
Specimen 147 i Lyl | x(0) |y =-0.396x+6.92 0.89
Lyla3]0.274 1 0.123 | 0.102 0.2;] 0.077 L LTsy | I(0) |y = —605x+255 0.91

006/200/020 d-space values on oxygen content
was found fn preliminary X-ray measurements of
123 samples with known oxygen content, The
values of transport critical currents across the
complete cross-section of the bars measured in
zero magnetic field, 7.(0), and in magnetic field
0.3 T, I(0.3), are given in Table 1. In both the
specimens studied, a drop in 7, (0.3 T) value is
observed for terminal sections of the bars.

A strong correlation between the critical cur-
rent values in a given section of the specimen and
the relative amount of 2| phase was observed
(Table 2). In general, the less is 211 content the
higher is critical current. We may conclude that,
for studied interval of experimental conditions,
the obtained amount of 211 phase is excessive.
Evidently, 211 phase should not be present as
large grains that are observed in the studied sam.-
ples. From the other side, the correlation between
the amount of 211 phase and oxidation state of
123 phase was also found, as seen from Table 2.
The increase in 211 content hinders the effective
oxidation of melt-processed YBCO material.
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Fig.6. Fragments of X-ray powder diffraction pat-
terns obtained from various sections (a-¢) along the ~
length of specimen 147. The peaks relating to 123
phase are marked with circles (0) and those relating
to 211 phase with crosses (x).
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Conclusions

Grain morphology, texture and grain align-
ment, variations in chemical composition to-
gether with critical currents have been studied as
a function of co-ordinate along the length of
clongated melt-textured YBCO rod specimens.
Significant variations in critical currents and
chemical composition (211/123 compositional
ratio and oxygen content) were observed for dif-
ferent parts of the specimens. A strong correla-
tion between critical current and comllaositional
parameters has been found. The results obtained
in this study help to improve the technology of
melt-processed superconducting ceramics.
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MikpocTpyKTypa, KA Ta KPUTHYHI CTPYMH B
PO3IIABHO-TEKCTYpOoBaHiii kepamini YBCO

B.B.Ipucedcoxuii, B.A.Touxin, H.I'.Mpoiikosa, E.M.Poiizenbnam,
E.L.Boaxosa, T.Jxc.Onisep, ®.K.Yonu, Joc.P.Crim, H.I'.Kucens

Busueno Mopdonoriro, Tekcrypy kpHcTaniunux sepes, 3MiHM XiMiHOTO CKJ1aAy T4 3Ha4YeHb KpH-
THYHOTO CTpyMY B 3aJIXHOCTI BiJl KOOPAMHATH B3/I0BX NOBLOMIDHHX CTepxkHemoaibHux YBCO
3PasKiB, OJlepKaHUX PO3NIABHOIO TexHosoriew. [l PI3BHMX OUIAHOK M0 JOBXHHI 3paskiB sHaiineHo
3HAYHY HEOMHODUIHICTE BEMUYMH KPHTHMHOTO CTPYMY i XiMiunoro cknaxy. Buseneno CHIILHY Kope-
TALIO MK KPHTHUHHMH CTPYMAaMM Ta KOMMO3HLITHUMA napaMeTpaMy MaTepiary.
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