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Abslract

The crystallographic texture of silver sheathed monccore lapes and wires, and multifilamentary tapes containing
Bi;3r;CaCu, 0, (Bi-2212) and Bi,Sr,Ca,Cu, 0 (Bi-2223) superconducting oxides was determined by neutron diffraction,
uging a position sensitive detector. The crientation distribution (OD) was obtained from measurements of 4—6 pole figures.
The oxide teatures of these tapes and wires displayed axial symmetry, indicative of a grain-shape-controlled orientation
mechanism. In menocore and multifilamentary tapes the c-axes of Bi-2212 and Bi-2223 are oriented perpendicular o the
rolling plane, in wires they are perpendicular to the wire direction. The multifilamentary tape has the strongest texture with
an 0D maximum of 46 times that of a random sample. Monocore tapes are 26 and 35 mrd, and wires are 2.1 and 1.5 mrd.
For comparison, a sinter-forged Bi-2223 barpowder was analyzed and exhibited c-axes parallel to the compression direction
with a maximum of only 3.4 mrd, The texture of the silver sheaths depends on the processing conditions.

1. Introduction

Bismuth based high temperature superconductors
are achually most amenable to the techniques cur-
rently available to manufacture long lengths of wire
or lape with good performance, due particularly to
their low weak link behavior compared 1o the yi-
triwm or thallivm based compounds, Even if their
high magnetic field properties still require operating
lemperatures lower than liguid nitrogen, cone can
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envisage 77 K applications in low or self-fields.
Also, single erystals of Bi,Sr,CaCu,0, (Bi-2212)
and Bi,5r,Ca,Cu,0, {Bi-2223) have a high shape
anisotropy and occur as platelets and are amenable to
vancus mechanical and thermal precessing schemes
to obtain high crystallite alignment, Since current
transport is restricted to the {001} (basal) plane, high
alignment {texture} is essential 1o obtain large critical
currents, as has been documented by various studies
[1,2]. Whereas the importance of texiuring is gener-
ally recognized, and manufacturing methods have
been improved to produce a high degree of crystal-
lite alignment [3-3], there is very little quantitative
information about the actual textures of Bi-2212 and
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Bi-2223 tapes and wires. This has varions reasons.
Samples are generally small and Fairly heterose-
necus, not providing encugh homogeneous surface
for quantitative X-ray examination. Diffraction pat-
lerns are complex with many overlapping diffraciion
peaks which are difficult to resolve with & conven-
tional X-ray pole figore goniometer. The Bi-2217
siles have often what zppears to be a poor Ty s-
tallindy with a small peak to background ratio. We
have chasen newtron dilfraction 1o overcome some of
these limitations [6,7] and are reporting texture re-
sults on various tapes and wires. fabricated by differ-
ent processes in several laboratories.

Dvifferent methods have been used i the past {o
obdain texturing, Techniques wsing axial stress pro-
duce a Jow degree of crysmllie orientation {3,599
even in conjonction with a high magnetic feld [10],
and correspendingly low crilical current densitics.
The se-called MTG (meltl textured growih) technigue
which appears promising because it produoces reason-
able physical properties in the ¥ =Ba—Cu-0) system
[11] 35 mot suitable for Bi-2212 and Bi-2223 com-
pounds becange of the grealer complexity of their
phase  diagrany.  Superconductor  compounds  aee
sheathed in silver, fabricaled inte a tape or wirs
using wire minufaciuing techniques, then thermally
tredlod 1o produce @ practical superconductor that is
mare adapted for embedding in sibver sheathe and
congecolive cold or hel deformation and thermal
treatment [12]. Silver i used as the sheath material
due o its chemical compatibility with Bi-2212 and
Bi-2223, desired phase development rexquirements
durkng sinering, and oxygen diffusivity and oxida-
tioen resistonce ai elevated temperature, Silver sup-
plies ductilicy and protection for e tape or wire for
use n potential applications such a5 long power
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transnission lines anid superconduciing coils. Oxide
texires can be very strong and high S have been
obtained [13] Mulifilamentary conductors are ad-
vamageous since the current is shared by multiple
parallc] conducting paths {1415}

2. Bamples

samples of Bi-2212 and Bi-2223 tapes and wires
were obtamed from three differeni laboratories (Ta-
e 1), Meally one weuld like to use texture analysis
bo quantidaiively relate preferred orientation fo physi-
cal properties, or at least 1o manufacturing condi-
tions, Unforionately, the physical propertes of the
samples used for tis study were not well character-
ized. We assume that they rescmble comparative
semnples that bave been described in the literawre.,

The general procedure to manufacture wires and
tapes [3,16] is termed the “oxide powder in tube™
melhod (OPITY. A fine powder of Bi-2212 or Bi-2273
i filled into a silver mbe (e.g. 10 ¢m Jong and 1 cm
in diameter), The tube is then drawn o a wite in
many passes, ablaining about o 70% packing density
of the oxide powder. The wire can then be thermal by
processed ag-is. 1t can also ke ralled 1w a flat tape, o
4 muliifilament tape may be prepared by bundling
several wires, encasing them in anciher sibver 1ube,
redrawing, and rolling. Usually this mechanical pro-
cessing 5 performed at room temperature but hos
rolling has also been wsed [17] To complee the
oxide phase reaction and connect the prains in the
wire or {ape, the tpes need 1o be thermally treated.
Controlling dhe tme, temperature, and atmosphere
dead to closed grain boundaries and optimal oxygen
steichiomenry [15.1%].

Table 1

Quantitalive chamelerization of Bi samplcs

Sampl: # Description Ciunling 28 0% R GOF (sl 0 max M hgw BD max
time =) F&HE (50 min__ magmed) ] [ rurd)

T 22i2 Tape B0 034 14 10 126 w2 ]| 42

ME 2212 Muhifilazen: a0 (63 T I - 480 480 17 57

T 3233 Tape {0 nAl 46 1L 0@ 123 36 [ 5

WA 3312 Wi L) f.48 .1 L5 Lt 16 1l i =

WolA 2212 Wi 1200 (.23 L5 [ I I 1.5 £ =

P 2233 Pavveiden Y (RN 5 144 [k 1.4 S0 i3

33
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The Bi-2212 monocore tape and wire, and the
multifilamentary tape from the University of Wis-
consin (T-2212, W-W 2212, MF 2212) were pro-
duced by drawing and rolling as described above.
Afterwards they were melt processed in 100% O,
[14,15]. This produces practically a single phase
B1-2212 microstructure, and J_ values up to 100-200
kA em™ (4 K, 0 T) have been measured in tapes
produced similarly [19].

The Bi-2212 wire from Los Alamos (W-LA 2212)
was fabricated using the standard OPIT method [3].
‘The 2212 powder was obtained from Seattle Special-
ity Ceramics, and was vacuum calcined to remove
the majority of carbon in the as-received powder.
This powder was packed into a 1.27 em silver tube
that was drawn in multiple passes to a | mm diame-
ter wire, all at room temperature, The wire used for
the neutron diffraction studies was in the as-drawn
condition and had received no thermal processing, so
it did not carry supercurrent.

The Bi-2223 tape from the University of Geneva
(T 2223) is allegedly a pressed and coid-rolled tape
material that has been described previously [20]. In
those samples, the calcined precursor powder con-
sisted mainly of Bi-2212. It was packed into 8 mm
diameter silver tubes, drawn to 1 mm diameter wires
and then rolled to a tape with 0.1 mm thickness and
3 mm wide. The oxide core represents about 30% of
the total cross section. The Bi-2212 tapes were then
heat treated at 840°C in air o form Bi-2223. The
cold-rolled tapes exhibit J_ of 18500 A em™2 (77 K
and 0 T} and 3550 A cm ™% (77 K and 3 T).

A sinter-forged hot-pressed Bi bar of 2223 pow-
der produced at Argonne (P 2223) was sudied for
comparison (o the tapes and wires. The 84-95%
dense (Bi,Pb)SrCaCu0Q bars were fabricated by sin-
ter-forging at 850°C [21]. These samples exhibit
transport critical current densities of 8 % 10° A em™?
at 77 K in a self-field.

3. Diffraction experimental procedures and data
analysis

In all the tapes and wires, the superconducting
oxide phase was sheathed in silver, and when Ag
was present in the neutron diffraction samples, it
tlominated the diffraction pattern. Where possible, an

al L]

Fig. |. Typical iape {a) and wire {b) samples vsed for newtron
diffraction experiments. Definition of the rotations ¢, y and w
used in this study for the pole figure scans. Samples are positioned
with their symmetry axis perpendicular to the @ cirele. n indicates
the direction of the incident reutren beam..

attempt was made to concentrate the oxide by re-
moving as much silver as possible by etching. The
tapes and wires were then cut info segments ranging
from 3 to 10 mm long, and these segmenis were
glued together o form a cube, keeping the segments
strictly parallel (Fig. 1}. An effort was made to
minimize the amount of glue that was used to avoid
diffuse scattering of neutrons by hydrogen.

Most texture measurements were done at the high
flux neutron source of the Institut Max von Laue—
Paul Langevin (ILL) at Grenoble, France, using the
instrument DIB and following procedures similar to
those described previously [7]. The radiation applied
was a monochromated beamn of neutrons with a
wavelength of 2.523 A and a flux at the sample of
6 %X 10% neutrons em~? s~'. The sample was
mounted on an Eulerian cradle and could be brought
Into any arbitrary orientation by rotations about two
axes, x and @ (Fig. 1). Diffractometer coordinates
X. @ are converted to pole figure coordinates «, 3
which depend on the setting of the Eulerian cradle
angle () and the Bragg angle (28) [22], Diffracted
intensities are recorded with a position sensitive
detector composed of 400 cells which span a 24
range of 80°. Depending on the sample size, and
particularly the volume of superconductor in the
sample, different recording times were required,
ranging from 400 s for a 10 mm cube from the
sinter-forged hot-pressed powder to 1600 s for a 5
mm cube of Ag-sheathed wire with silver attached
(Table 1). In the latter case the time was just long
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Fig. 2, Pole figurc of an axisymmeire paue with pals Flzare
coopdingtes e, Boand diffractometcr copnlinales x. wx Also
indicwizil apé scans o esiahlish axial syrmeiny (o k and 1o deor-
mime the taxiue {3,

enouzh o be at the Bmit of satisfactory counbmg
slaristics.

Wires have axially symmelric textures due 1o the
production process, Therefore it i3 not necessary 1o
megsure a complele pole figure, one only reeds o
tuke a profile a angles ranging from parallel Lo
perpendicular to the wire axis. This was done with a
w-scan 1o avoid complications with a lind area in
the center of the pobe fipure (Fig. 2). For tapes axial
symmetry doout the rolling plane nommal needed (o
be established first which was done with a y-scan.
Fig. 2 shows spectra {or different x angles for the
monocore and multifilamentary Bi-2212 tapes illus-
trated in Fig. 1. For the monocore tape T 2212 {Fig.
Wal) all five specira are very similar, which estal-
lishes, for all practical purposes, axial symmetry.

Far the multifilamentary tape MF 2212 (Fig, 3(b)}
there are imtensily changes for Ag when the sample
is rotated aboat y. This can be expected due 1o the
formation of ypical pon-axisymmelric rollng 12x-
wres in cubic metals. There are alio minor inlensity

] =

i
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variations for Bi-2212, particularly noticzable for the
200 peck. This could be due lo an "'in-plane™
arientation of g-axes in this sample,

In such a case a complete pole fgure is necessary
o characterize the testure. Unforunately, there was
nol sulficient lime left at ILL to measure o complete
pole figuse. Several months later we had the opportu-
fity 1o measure the same smmple ai the Laboratoire
Léon Brillowin (LLB)} in Sacky, France, with
moncchiomatic netrons (4 = 1.158 A and a point
detecter, This diffraciomerer is mainky used for met-
als amd the collimption geomelry produces & very
high background for weakly scattering matcrials.
Due 1o some reometical effect of sample, the hori-
zomal plane of all pole figures, incleding silver, was
slightly undersampled (Fig. 4} In spite of both this
effect amd poor counting statistics, we could establish
thas pole Ngutes of Bi-2212 are indeed axially sym-
metric (Fig. 4(a)) and that the apparent deviations in
Fig. 3(b) can be attributed to o slhight displacemsent of
the symmelry axis relative 1o the goniometer frame.
“The TLL data with enty y-scans were therefore suffi-
cient to determing the textures quantmatively,

Al axisymmetric exmires can be characierized by
profiles taken over angular ranges from (13 normal 1o
parallel to the tape surface, and (2} normal 1o perpen-
dicular 10 the wire direction. These profiles are
conversently measurcd at ILL DIR in a p-scan. The
w-scans extended over a range of 1307 1o ascertain
homozeneily and were done in increments of 57,
Later, during dala processing, the 1807 sector was
reduced e a 90° sector by averaging.

Fig. 5 shows averages of ali diffraction specira
measured with a position sensitive detector o all

[1Y] g 11

Fig. 3. 20 specirs a1 different x positons (ir-scans in Fig. Z), documenling the fsisymmesny of the bealwrc. (3} Tepe T 2212 with sdver
remaved. (b} Apparcnt parsial in-plane aligrment for the Bi 2212 muliilament particelarly visible far {2000 which is due w3 slight sample
pniseliammest and for sibver dee o a non-alal kxleme wilh srong in-plare aligament
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the measured samples. In these, texture effects are
partially removed, The patterns help illustrate the
difficulties with these measurements, Particularly in
the Bi-2212 oxides, the apparent crystallinity is poor
with many of the peaks being barely above the high
and varying background. In the samples T 2212 and

W-W 2212 (Figs. 5{a), 5(d)) there is a variation in
background with diffraction angle that may be due 1o
the presence of adhesive medium. Another possible
source of the continuouns scattering may be from the
quartz-glass sample holder. However, the same sam-
ple holder was also used for tape T 2223 where the

980 max.,

188 (=1 prd}

B #im,

linear scale

1488 max.

188 (=1 mrd)d
H nin.

linear zcale

Fig. 4. Complete pole figures of multifilament MF 2212 measured by neutron diffraction at LLB. (a) {220} reflection of Bi-2212. The small
concentration in the cenier is due to a contribution from the superposed reflection {0016), {b) {111} reflection of silver. Equal area

projecrion.



....................

& H.-R. Wenk o1 af. f Physica © 272 (19046) 1-12

a) b)
18+ gE % % E ﬁ
= z |2 g
- :. "
- 8 . 8 g
5 . : 3
E | 2 E) JIE § .
.E':' : ﬂ t + o .3" =
= — = o b5 | =
z Rl &8 8 ; a | A A
g R 2% ] e 2 ~ :
k= E |
9BF To212 MF 2212
S B T T S I R
26(%) 260(%)
c) d)
- - 14~ -
E = I = §
£ £ E1S 4
ﬁ 125-
ER R : ; el : 3
. e o 2 = ol & 71
= " ﬁﬁﬁﬂ = PO z'° g un & < o v 8
g | U\E U 5 2 as N R 2
g 2 £, kﬁjﬂ z
W-LA 2212 a7l W-wW 2212
E P 2 5 7 50 : 8 . =0 T 20 '
2 {%) 26 (%)
e} B
4 - M -
2 z o e
5 ;t f‘; 15 1-;: E
3 : 9 3 i
L) 2 ® 8 ' 2 z
z [ | = =y 8w
R _ < g 2 | 8 B
= B i I
“ L
T 2ao% °F P2z
3 a0 SR 70 2w 20 %0 50 R 30
28(%) 26(%)

Fig. 5. Sum of all diffraction spectra for each sample, illustrating resolution and statistics. For T 221 2, silver has been removed. Diffraction
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g, 6. Besult of the fit of the 200 and 202 reflections with Gaussians for two sunple orentations of the wire W-W 2212 (a) is in a wexure

maximum, (b) in a texture minimuom.

background was much lower and fairly constant. In
the Bi-2212 wire W-LA 2212 (Fig. 5(c)}, the diffrac-
tion intensities are very low and peak widths are
“large. The low diffraction intensities and large peak
widths observed for this sample may be associated
~iwith its “‘as-drawn™’ condition. Deformation-induced
loss of crystallinity is a commen feature in Bi-2212.
[n the Bi-2223 sampies, the oxide’s crystallinity is
“generally better as seen in Table 1, which gives a
comparison of the full widths at half maximum
{(FWHM) of a Bragg peak located at similar angles
for Bi-2212 and Bi-2223 phases (008 and 0010
‘respectively). Clearly the wire W-LA 2212 has the

a}
o5
—a— 200 W-\W 2212
]
3 45
L)
=
g 10
= 1.
5- m%ﬁiii
4] T T T T T
0 0 i 180

1
g ()

largest peak width, This variation in peak width was
not analyzed in detail since it depends on many
factors such as crystallinity, sample size, and the
collimation system. In comparison, the Ag peak
FWHM for the Ag 111 reflection ranges between
0.4" and 0.53°, which is significantly smaller
(noticeably lower than for W-LA or MF Bi-2212
oxide). For the Bi-2223 tape the tendency is reversed
with 0.67° FWHM of the Ag 111 peak, a sign of a
greater deformation of silver in this sample. As
mentioned earlier, whenever silver is present, it dom-
inates the diffraction pattern, as seen in Fig. 5. Some
peaks are indexed in the diffraction patterns, based

16+ —a— 003 W-W 2212

14+

13

e

si T

4 ) T

T J

i i

5 100 ' 150 )

b)

Intensity (a.u.)

O~ T
0]

¢ (")

Fig. 7. Resulis of a g-scan for the wire W-W 2212 illustrating texture intensitics for () (D08} and (b} (200} as function of ¢. Based em such
profiles the orientation distribution was calculated. Bars are one standard deviation.
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Fig. 8. Inverse pole figures for the six analyzed Bi-2212 and Bi-2243 samples. For tapes inverse pole figures are for the normal to the rolling
plane, for wircs for the wire direction and for the pressed powder for the compression direction. Equal area projection. Unils are in mrd.

on the known crystal structures [23]. There are some
peaks, particularly in the T 2223 tape, that could not
be identified and must be due to the presence of

non-superconducting phases.
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Various methods have been used to extract inten-
sity information from the diffraction pattern, includ-
ing the Rietveld method [24]. In our study, pattern
matching was not successful, largely because of the
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Fig. 9. Recalculated Bi-2212 and Bi-2223 (001), {100} and (110} texwre profiles for the six analyzed samples. Profiles extend from parallel

to the symmetry axis (e = 0F) to perpendicular to the symmetry axis (o =

907).
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high and irregular background. After various trials
we applied the same method which we used previ-
ously [7], i.e. to fit individual peaks with Gaussians
- (program XRFIT, [25,26]). At first the peak positions
e peak widths of reflections were refined on the
Siverage spectra of Fig. 5. Then positions and widths
- were kept constant and the peak intensities only were
fefined on individual spectra. Background was ob-
o tined at two fixed angular positions and the average
tefined value was subtracted. The Gaussian fit pro-
vides @ net intensity and standard deviation. Fig. 6
Aillustrates the fit of the overlapping 200,/202 peaks
ol W-W 2212 at a sample orientation that shows a
Ctexture maximum (Fig. 6(a)) and another that shows
i minimum (Fig. 6(b)). This demonstrates some of
< Ahe: problems introduced by counting statistics. Due
10 the high overall background relative to the peak
iniensities and due to the strong textures, standard
ileviations are high and often similar to net intensi-
lies in the texture minima. Depending on the back-
“ground count in a particular spectrum, net intensities
i these low orientation density regions were occa-
sionally negative. Calculated negative intensities
COWere sel Lo Zero.
. Hig. 7 displays integrated intensity variations for
the W-W 2212 wire data of the weak 008 reflection
anil the stronger 200 reflection from W-W 2212 as a
lunction of ¢. The standard deviation is indicated.
Mhese data were averaged into a 907 sector and
villues from 3 or 4 different A2k! peaks were used to
cilculate the orientation distribution (OD) using the
~ WIMV method [27] in the software package BEAR-
TEX [28]. For lack of detailed diffraction data, te-
irngonal crystal symmetry had to be assumed. For
Bi-2212 only 4 peaks (008, 117, 200 and 220)
showed sufficient counting siatistics and lack of
overlap with other Bi-2212 peaks or diffraction peaks
from other phases te provide useful information.
Consideration was given to the fact that the mea-
sured 220 reflection is actually a composite of 220

(98%), 0016 (1.5%) and 202 {0.5%). For the Bi-2223-

tape 101, 0010 and 1011 reflections were used. Due
o the 26 proximity of 101 and 0010, only the
00" < o << 90° region of the 101 pole figure was used
o calculate the OD.

From the ODF, inverse pole figures were calcu-
lated (Fig. 8) representing the density distribution of
- {he symmetry axis (tape normal and wire direction,

respectively) relative to the crystal coordinates. Also,
001, 100 and 110 pole figures were recalculated and
are represented in Fig. 9 as profiles due to the
imposed axial symmetry.

4, Results

All the tape samples that were measured showed
strong textures with ¢-axis maxima up to 46 mrd, i.e.
an alignment which is up to 46 times stronger than in
a sample with a uniform (random) orientation distri-
bution. This is visible in the inverse pole figures,
which are a compact representation of axially sym-
metric textures (Fig. 8). For tapes these display a
maximum at (001). The (001) pole profiles (Figs.
9(a), 9(b)) have a nearly Gaussian shape with widths
(FWHM) ranging from 17° (MF 2212) to 21° (T
2212), which is comparable to data in the literature
[29]. Besides angular widths of diffraction and tex-
ture peaks, Table I summarizes other texture infor-
mation such as maxima and minima in the OD, 001
pole figure maxima, texture index F?, which is a
measure of the overall texture strength [30], and RP
values for the maximal regions above 1 mrd (these
latter are a measure for the quality of the ODF
refinement; the higher the RP values, the lower is the
quality of the refinement). The RP values depend on
the overall texture strength and we found them to be
in a satisfactory range.

For the wires, the wire direction inverse pole
figures display a maximum region consisting of a
girdle at high angles to {001} extending from (100)
to (110). There does not appear to be any significant
preference for (100) or (110) but information on this
is limited by the experimental data. The (100} and
(110) profiles are very similar {Figs. 9(c), 9(d)). For
the wires the (001) densities are much lower than for
the tapes because the c-axes form a girdle distribu-
tion, rather than a single maximum. It is interesting
that the thermally treated wire W-W 2212 and the
cold-drawn wire W-LA 2212 have a very similar
texture, indicating that the texture pattern becomes
established during the deformation process rather
than the heat treatment,

The wire texture can be compared with a tape
texture that has been symmetrically averaged around
the rolling direction (RD). This corresponds to an
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inverse pole figure for the rolling direction. We have
calculated such RD inverse pele figures of our tape
and powder samples. The last column in Table 1
gives the maximal densities {right colurnn) along the
rolling direction for tapes and perpendicular to the
pressure axis for the powder. Interestingly all the
tapes possess significantly higher densities than the
one measured for wires. Thus the level of orientation
in wires does not achieve current transport capabili-
ties as high as in tapes.

In samples with silver present we also measured
its texture. The Ag (111} pole figure for the multifil-
ament tape MF 2212 (measured at LLB) displays a
typical rolling texture {Fig. 4(b)). We calculated the
Ag inverse pole figure of wires from the {111} and
{200} intensity profiles. In as-drawn wire W-LA
2212 a strong 001 component (16 mrd) and a weaker
111 component (2.2 mrd) are observed in the inverse
pole figure (Fig. 10{a)). This is typical of silver,
which possesses a low stacking fault energy, while
mosl other f.c.c. metals have a stronger {111} com-
penent. Ahlborn and Wassermann [31] described a
99,999 Ag wire with a {001 /{111 ratio of 1.2,
which is significantly lower than the 7.5% ratio that
we observed in sample W-LA 2212, However, the
{001 /{1117 ratio reportedly increases with contin-
ued deformation [32] and recrystallization [33]. Since
the wire in this study underwent a strain of > —3,
and since high purity Ag probably staticatly recrys-
tallizes at room temperature afier such large strains,
the high ratio is reasonably consistent. The wire
W-W 2212, processed at the Wisconsin laboratory

(a)

shows a rather complicated texture with a maximum
near {102} of 2.7 mrd (Fig. 10{b)). It probably
formed during the thermal treatment. It 1s rather
surprising that the silver texture in the cold-rolled Bi
2223 tape T 2223 produced in Geneva is close to
random with no regular pattern. This may have
occurred due to exaggerated grain growth during the
postrolling thermal treatment as the Bi-2212 was
transformed to Bi-2223. All the silver had been
removed from T 2212,

It has heen pointed out above that all the oxide
extures in the bismuth tapes, are axially symmetric
(fiber textures). This is a strong indication that the
crystallite alignment in these materials is due to the
platy shape of the particles [8,34] and subsequent
srowth, rather than due to intracrystalline slip pro-
cesses [35] where one ‘would expect to see some
difference between (100) and (110) during rolling,
resulting in a preferred directional alignment of a
and b axes within the plane of the tape. We attribute
deviations from axial symmetry in previcusly re-
ported pole figures measured by X-ray diffraction to
artifacts of the measuring technique, with the X-ray
beam leaving part of the sample in certain orienta-
tions [34]. One of the advantages of using neutron
diffraction is that the whole volume of the sample
remains immersed in the neutron beam at all orienta-
tions. This is particularly critical for the multifila-
ment sample which is practically impossible to study
by conventional X-ray techniques.

For comparison we have also measured the tex-
ture of P 2223, a sinter-forged hot-pressed bar of

1559 nax.

188 (=1 ord:

Eh} loy. scale

Fig. 10. Inverse pole figures of the wire direction for silver in wires, (a} Cold deformed wire W-LA 2212, “as-received™, {b) annealed wire

WA 2212 Equal area projection. Units are n mrd.
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bulk Bi 2223 powder. The measured texture (3.43

: Cford) is much weaker in strength than the texture in

tape ‘I 2223, but similar in pattern with a 001
o maximum in the compression direction (Fig. 9(b)).
The steength of the texture is comparable to that of
colilpressed Bl 2223 powders [8). Again in P 2223

~thiere are no deviations from axial symmetry, which
o y,uvtt fipainst lrufucr:,r-amllane plasticity. The neutron

e mum micasured at [LL is similar to that determined
© iy Xeray techniques (21].

i '}5'.-' {i‘.ﬂrmluniun.i;

i3 ls’l lhh ‘-:!u{l}r we tound that neutron diffraction is a
HLH{JII:IIE method to characterize quantitatively the
"'_3‘3'{|ﬁa:-;lurm of Bi-2212 and 2223 wires and tapes, even
AL the material appears to have poor crystallinity and
~dilfraction patterns have a small peak to background
o, This lack of crystallinity often made the mea-

o strements and data reduction difficult and one had to
work at the limit of resolution due to peak overlaps

o [I]l{l poOr counting statistics:
" The observed textures in the Bi-2212 and Bi-2223
._:;;-": liupes are extremely strong, It indicates that manufac-
~luting techniques have become very efficient in tex-
- luring for materials with anisotropic grain shapes and
_ ¢ produce homogeneous textures at the meter scale
~0F more. Achieving strong lexturing requires that the
- volume of non-superconducting second phases is
minimal.

A comparison of texwres in as-drawn and an-
ncaled Bi-2212 wires suggests the final texture is
~ established during deformation processing, then is
“sharpened but otherwise unaltered during sintering.
The deformation texture would seem to provide a
- lemplate for grain growth. Additional experimenta-
~tion s required to ascertain if this association holds
o for tapes and for Bi-2223, and whether a direct
relationship exists between texture sharpness and
Aransport properties,
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