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\bstract

The superconducting tapes of Tl-Ba-Ca-Cu-O HTSC system were synthesised through doctor blade tape casting process Their

tuctural-microstructural characteristics were explored through X-ray diffraction (XRD) and transmission electron microscopic (TEM) techniques. A
wel leature of the present synthesis roule was that herc in the same thalliation process, tapes of two different HTSC phases possessing single and

whle TI-O layers 1e¢ TIBa,CaCu,0, (1212) and Tl Ba,CaCu,0, (2212) or TIBa,Ca,Cu 0, (1223) and Tl,Ba,Ca,Cu 0

(2223). could be synthesised

e

“he uansition temperatures (T 5) of the as synthesised tapes were found in the range of ~ 80 - 115K

{eywords Tl-based HTSC tapes, synthesis. micro-structural characteristics
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| Introduction

since the discovery of superconductivity at ~ 35K in the La-Ba-
“u-0 system by Bednorz and Muller [1], many other cuprate
aperconductors such as Y-Ba-Cu-O, Bi-Sr-Ca-Cu-O, T1-Ba-Ca-
“u-0 and Hg-Ba-Ca-Cu-O [2-5] with superconducting transition
emperatures (7' 5) above liquid nitrogen temperature, have been
hscovered. However, practical applications of these materials
1ave been hampered by two major difficulties : the low critical
‘urrent density (J, ) and the poor mechanical properties. These
wo problems are indirectly associated with the granular naturc
I these materials. The first requirement for large scale
ipplications of these HTSC materials 1s that the materials be
watlable in polycrystalline form which is not electromagnetically
eranular. Unfortunately, all the high T cuprate superconductors,
xcept Bi-based, are clectromagnetically granular in all ficlds.
However, Tl-based superconductors with monolayer of TI-O
ippear to have high current carrying capacity in high magnetic
fields duc (o comparatively closely spaced CuO, layers in these
matenials [6,7]. Thallium is also known to passivate the grain
boundary and hence increases the intergrain critical current
density ().
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Another problem concerning with the brittleness of HTSC
materials, can be overcome by fabricating metal/superconductor
composites, such as metal-clad wires, tapes and multifilaments
(8, 9). Furthcrmore, the metal (e.g. silver) provides a means of
thermal dissipation, thus stabilising the superconductor's
environment.

The doctor blade process (DBP) [10], among the various
mecthods to produce metal/superconductor composites, has
proved to be an attractive route for producing very long
homogencous superconducting tapes/wires. However, despite
the known facts regarding the superiorities of thallium based
cuprate superconductors e.g. the occurrence of higher T 's in
this system (7, ~ 127K for T1: 2223 phase [11]) and the fact that
excess Tl can passivale the grain boundaries and thus minimise
weak link effects, rather sparsc studies have been made in the
case of Tl-Ba-Ca-Cu-O tapes/wires. Only some studies on Tl
bearing cuprate HTSC tapes, employing the powder in tube
(PIT) method, have heen done so far [12-14). However, synthesis
and formation of Tl : HTSC tapes through the other well known
technique — the doctor blade process does not secm to have
been carried out so far.

Keeping these facts in view, we have employed the doctor
blade process for synthesis of Tl-bearing HTSC tapes in the
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present investigations. We have also explored their
superconducting and structural/ microstructural characteristics.
A novel feature of the prescnt synthesis method relates to the
fact that here in the same thalliation process, tapes of two
different HTSC phases possessing single and double TI-O layers
i.¢. TIBa,CaCu,0, and TI,Ba,CaCu,0O, or TIBa,Ca,Cu,0, and
Ti,Ba,Ca,Cu0,,. could be synthesised

2. Experimental methods

In the present investigation, the Ti-based cuprate tapes have
been prepared by following a three-steps process. The salient
features of this are described below.

First of all, precursor oxide powder of nominal compositions
Ba,CaCu,0, and Ba,Ca,Cu,0, have been prepared by standard
ceramic method [ 15, 16]. In the second step, the slip was prepared
by mixing thoroughly the precursor powder with fish oil and
then stirring with an organic formulation consisting of a solvent
(ethyl alcohol and trichloroethylene), binder (polyvinyl butyral)
and plasticizer (polycthylene glycol + octylthalate). The
resulting viscous fluid was finally cast under a doctor blade
onto the carrier sheet (cellulose film), producing a green tape of
1.00 cm wide.

The typical thickness of the as cast tape was about 200 pm.
Small precursor tape (Ba-Ca-Cu-0) ot 10 mm long and 5 mm wide
cut trom the green tape was slowly heated (2°C/mun.) to S00°C
for 3h. and then cooled slowly (2°C/min.) to remove the organic
compounds from the precursor tape and to avoid the crack
formation inside the tapes. Finally in the 3rd step, the dried
precursor (Ba-Ca-Cu-0) tapes were thalliated under T1,0, vapour
in the two different configurations which are described below.

2.1 Configuration-1 :

In thus configuration, appropriatc amount of TLO, powder was
taken n a platinum box and a precursor tape labeled as A or
A’ (Al A”) was kept above (~ 2 mm) the TIIO‘ powder as

(a) A=Ba,CaCu,0O,
A =Ba,Ca, Cu,O

Pt-box
CorC
\\\\&\ BorB
Precursor \%} S
tapes PN
VW Ti20,
®) B=C=Ba,CaCu,0O,

B »C =Ba,Ca,Cu,O,

Figure 1. Configurations of thalhiation of precursor tapes.

shown in Figure 1(a). Here the precursor tape labeled g,
corresponded to composition Ba,CaCu,0 and 4’
Ba,Ca,Cu,0,. The closed platinum box containing T1,0, 4
precursor tapc was transferred into a silica tube attached wy
an oxygen flowing system. Finally, it was kept in a prehey;
programmable Heracus furnacc at 900 £ 1°C for about 12-15y,
in the flowing oxygen and allowed to cool at the rate of 2°C y,,
uplo room temperaturc.

2.2 Configuration-2 :

In this configuration, two precursor tapes either B and Cor |

and C* werc kept above the T1,0, powder as shown in Figy,
1(b). Here, the precursor tapes B and C correspond |
composition Ba,CaCu,O ; on the other hand B” and ("
Ba,Ca,Cu,0,. The tapes Bor B’ i.e. (B/B’) were just aboy
the T1,O, (~2mm)and Cor ¢’ (C/C” ) above the tape #/y
as shown in Figurc I(b). The closcd platinum box containy,
T1,0, and precursor tapes with above mentioned configurang
was keptinside the silica tube for thermal treatment. [The thein;
treatment was similar to configuration-1.

The gross phase wlentification ol the as synthesased H1§(
tapes was carricd out with a Philips PW-1710 difftactomer
having a wide angle gomometer fitted with a graphy
monochromator employing Cu-Ka radiation. The variation o
resistance with temperature ol the tapes was measured b
standard four probe method employing the van der Paw
technique. The current was supplied from a computer controll
Kcitheley programmable constant current source (Model-22
and the voltage was measured by a Kceitheley nanovoltnite
(Model-181). The sample was cooled by using a APD clow
cycle chiller.

Since X-ray diffraction (XRD) reveals only the gro
structures of the materials, the necessity of carrying out electio
microscopic investigation for uncovering the structura
microstructural characteristics at the microlevel (nanometi
dimensions) is evident. In order to achiceve this goal.
computerised Philips clectron microscope (EM CM-12) was ux
in imaging and diffraction modes.

3. Results and discussion

After the thalliation of the precursor tapes under !
configurations mentioned earlicr, the thalliated tapes we
subjected to X-ray diffraction study for gross structur
characterisation and identification of HTSC phases prescnl
the as thalliated tapes. The X-ray diffraction patterns of U
thalliated tapes A and A’ are shown in Figure 2(a) and (
respectively. The analysis of the XRD peaks corresponding
tape A [Figure 2(a)] revealed the presence of phase havt
bodycentred tetragonal lattice structure witha=b=3.86 Au
¢ = 29.31 A. On the other hand analysis of XRD pea
corresponding to tapes A’ [Figure 2(b)] revealed the presen
of phase having body-centred tctragonal lattice structure W!
a=h=386Aandc=3595A.



Synthesis and microstructural characteristics of Tl-based high temperature etc 97

These results suggest that the thalliation of the tape 4/ A’  for double TI-O layers (2212, 2223) HTSC tapes at 77 K and
J to the formation of double TI-O layers compound  zero field. It was noticed that T, of the tapes B/B” (which were

=3

Intensity (arb. units) —»

20 (degree) —»

Figure 2. X-ray diffraction patterns of (u) the thalliated tape A showing the presence of dominantly
Ti,Ba,CaCu,0, HTSC phase and (b) the thalliated tape A revealing the presence of dominantly
Tl,Ba, Ca (_u () , HTSC phase (* represents impuriiy phases.)

,Ba,CaCu,0, /T, Ba,Ca,Cu,0, . Similarly based on the XRD  close to the TI,0, powder at a distance of ~ 2mm) was higher
sults, 1t was found that thalliation of the tape B/ B’ which  than the tapes C/C (which were some what away from Tl O
erc just above (~ 2mm) that T1,0, powder [Figure 1(b)].ledto  powder).
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Figure 3. X-ray diffraction pattcrns of (a) the thalhated tape C revealing the presence of TIBa,CaCu,0,
HTSC phase and (b) the thalhated tape ', showing the presence of dominantly TIBa,Ca,Cu, 0 HTSC
phase. (* represents impurity phases)

28.0
i« formation of double TI-O layers compounds (Tl : 2212/2223). 2401 .
he XRD patterns of the thalliated tapes C and C’ have been fg'g:
wwn in Figure 3(a) and (b) respectively. The analysis of these 120F
Alerns revealed that thalliation of the tape C led to the formation 8ot
I'TIBa,CaCu,0, (a=b=3.85 A, c = 12.75 A) HTSC phase and , 4or | o
utof ¢’ to TIBa,Ca,Cu,0, (a=b=3.85Aand c = 15.85 A). N ™S
From R - T monitoring, the transition lemperaturcs (T,'s)of § 8.01
‘e as synthesised tapes were found (o be in the range of 80 — g 8or
I5 K. The R-T curves corresponding to Tl- bearing HTSC tapes § To0F
tbeled as A and A’ have been shown in Figure4. The T, (R= * 6ol
f) for tape A was ~ 102 K [Figure 4(a)] and fortape A’ ~ 110K 50
“lgure 4(b)). Similarly T s (R=0) for thalliated tapes Band B’ 40r
vtiesponded to ~ 99 K and 107 K respectively; and for thalliated 30
'pes C and C* ~ 87 K and 105 K respectively. 20F
Transport critical current density (J, ) was also measured for ;'g JOK
1 as synthesised tapes following the criterion of 1pV/cm. The 80 120 160 200 240 280
YP\Lal values of J 's for the as synthesised tapes were ~ 7 x 10* Temperature (K) -

Figure 4. Resistance vs temperature curves of (a) the thalliated tupe A

“'em? for monoTI-O layer (1212, 1223) and ~ 4 x 10* A/lem? (b) the thalliated tape A~
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The microstructural characteristics of the as thalliated tapes
under configurations 1 and 2 as described in Sections 2.1 and
2.2 were studied by a transmission clectron miCroscope using
its various modes such as imaging, selected arca diffraction
(SAD) and convergent beam electron diffraction (CBED). Figure
5(a) shows a representative selected area election diffraction
pattern bringing out a*—¢* reciprocal lattice net taken from the
sample of the thalliated tape labeled as A The analysis of the

Figure S0 [1010] SAD pattcn ol the thathated tape AL reveahng the
tetragonal phase with a = 386 A and ¢ ~ 29 30 A conresponding o 2212
phase and (b) HREM ol the thalhated tape A depicting ool planes The
fringe specing of 29 30 A conesponds to ¢ penodiaty of 2212 phase

pattern revealed the presence of tetragonal phase with a = 3.86A
and ¢ = 29.30 A. The ¢ pernodicity of 29 30 A was also
substantiated by the presence of latuce fringes ol spacing ~
29.30 A in the lugh resolution electron micrograph [Figure 5(b))
deprcting ool plancs taken from the specimen of the tape labeled
as A These Latice parameters correspond 1o T 2212 phase

Figure 6. HREM of Tl hearing HTSC tape exhibiting the presence of
stacking faults The width of the fault is - 20 A

These findings are 1n conformity with the X-ray diffractiop
results. Similarly, TEM explorations of the samples of thalliaieg
tapes A, B/B“and C/C “revealed the same structural features o
obtained through XRD investigations. The TEM exploration,
also revealed the presence of stacking faults 1n the g
synthesised tapes. Figure 6 represents the illustrative exampjc
of the observed stacking faults (marked by arrows). It may b,
noted that the typical width of stacking faults is around 20 A
This is compatible with coherence length; thercfore, they
stacking faults may scrve as {lux- pinning centres.

The above studies revealed that tapes of both single T1-0
as well as double T1-O layers compounds could be synthesiscd
through the precursor tapes suitably exposed, in a simgl
thalliation process. Both single TI-O layer and double TI-O layer.
compounds have their own merits 1n regard o their application
potentiahity. The double TI-O layers compounds gencrally show
higher 7 as compated to their corresponding (having same
number of CuO, layers) single TI-O layer compounds. One main
advantage ol the double layers HTSC system such as Bi: 2212
and 2223 1s that the double layers of HTSC phases correspond
1o van der Wall platclet like solid, where we have aligned and
clectromagnctically connected grain morphology legding 1o high
gram Lo gran J value On the other hand, singlg TI-O laye
compounds appear to have higher current carrying apacity i
high magnetic ficlds duc to comparatively closcly sphaced Cu(),
layers in these materials. \

4. Conclusions

In the present investigations we have successfully synthesised
the tapes of HTSC phases of Tl-Ba-Ca-Cu-O system through
doctor blade process and the synthesis was so tatlored that
based on the same thalhation process, both the double and
single TI-O bearing HTSC phases corresponding to either 2212
and 1212 or 2223 and 1223 could be synthesised. The R -1
monitoring of the tapes thalliated under different configuration.
showed T 's 1n the range of 80 —115K. The representative
transport critical current density for the tapes synthesised
the present mvestigation was ~ 7 x 10° A/em? for mono TI-0
layer (1212 and 1223) and ~ 4 x 10* A/em? for double T1-O layers
(2212 and 2223) HTSC tapes Based on both the XRD and TEM
studies it has been found that the thalliation of the precurso
tapes labcled as A/A “and B/B “which were in closc proximity of
the TIIO‘ powder (at a height of ~ 2 mm) lcad to the formation ol
double TI-O layer compound of TI-Ba-Ca-Cu-O system, namely
TI:2212 and 2223. On the other hand. the thalliation of the tapes
labeled as C/C” which were sonie what farther (at a height of ~4
mm) from T1,0, powder leads to the formation of single TI-0
layer compounds of Tl-Ba-Ca-Cu-O HTSC system, namely TI'
1212 and 1223.
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