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Abstract

High-4 superconductor tapes t'ith nominal compositions of BirsPbo+SrrCa:.:Cu:Oro-, (Bi-2223) and (Tl,Cr{r15)-

S12(Ca6.e,Pr6 1)Cu:Or-, (T1-1212) rvere fabricated using the powder-in-tube method. The 4.",o's of the tapes, which were

subjected to various thermo-mechanicai treatments, ranged irom 100-10i K for the Bi-2223149 tapes and 84-86 K for
the Tl-1212/Ag tapes. Their transport critical current densities in low magnetic fields (0 1j T) were compared. All the

tapes are dominated by weak links where this is more severe in the Tl-1212/Ag tapes. No significant anisotropic

rranspor! properties were observed in Tl-i212/Ag tapes when the magnetic field was applied perpendicular or parallel to

rherapeplane(i.e.J,(HllJ"\H ):0.75 i,0).TheBi-2223/Agtapeshowevershowapronouncedanisotropictransport
properties in applied magnetic field (i.e. J,(HL)lJ,(H\) :0.15-0.6i). This can be associated with the microstructural

difference between these two types of tapes. Scanning electron micrographs reveal the slightiy aligned grains in the Bi-

based tapes while randomly ortentated grains were observed in the Tl-based tapes.

O 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Since early 1990s, much effort has been focused

^. dcrelnnino rnd imnroving rhe rrsase of hishvrr sr vvrvy",5 *.,"

temperature superconductcrs iFITSC) for power

appircations. Processing of HTSC materials ex-

ploiting the powder-in-tube (PIT) method has

been one of the commonly used techniques for
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i-abrication of HTSC wires or tapes. However, the
nr^cne.r nf rhe ennlicetinn nf HTQI-- - tapes are
strongiy hampered by several factors such as

Josephson weak links and weak pinning capability
especially for Bi-22231Ag and Bi-2212lAg tapes.

Auempts in producing Bi-based HTSC tapes
with excellent properties have yielded somewhat
satisfying results [1-5]. Although the Bi-based
HTSC tapes showed extremely weak pinnrng
properties at iiquid nitrogen temperature [6-8],
it hdS been successfully used to form long-length
HTSC tapes for practical applications compared
to other HTSC materials. On the other hand. hieh
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criticlrl current densities have been achiered in T1-

bascd HTSC tepes wlth flcrible long'length scaLe

usrng various composittons and thcrmo-mechanl-

cal reatments 19 l3l. The Tl- 121 I s-vstem, which

belon-s to single layer T1-O matelials. display fa-

vorabLe ir reversibilit.v held compared to double

Lnsulating layer s-vsrems such as Tl-llll and Bi-

2l2l l1.l.i5l. Ren and Wang I16l reported that Lhe

Tl-l2ll tapes demonstrirte better Pinning char3c-

telistic than the T1-122-l t;rpes. Moreover. lhe Cr-

doped Tl-1211 bulk and Ag sheathed tapes lriso

show l.righ I' s vaiucs above 100 K [17,13]
It is inleresting to investigate lhe lransport

properties ot Bi- and T1-based HTSC tapes in

magnetic field. ln this paper \'ve compare lhe

tlansport properties ol Bi-?l2l and T1-1111 Ag

sheathed superconducting tapes in applLed miLg-

netic irelds iiom 0 0.1j T The magnetic 1leld de -

pendence ofthe crirical current densitr" (-i.) is useiul

in chalactetizing HTSC tepes bccause rl does not

dcpend on possible microcr:Lcks and gives an idea

ot tne:rrnr,,lertt1 as $ell :.. rh< lo.r' ertrting
condirion 119]. Critical temperatures (4.",o s) as

well as lhe micrograph lton the scanntng electron

microscope (SENI) are also presenled

2. Experimental details

Bi1 xPb6lSrlCallCu;O111,,/Ag 1Bi-based tapes)

and (Tl.Cr'1 1.)Sr11Caoe Pr,) r)CurO"./Ag (Tl-based

tapes) lapes were iabricated using the PIT method.

Cl is subsrrtuie in ihe TL-illl lo enhance rts

t!'ansition temperalure iiTl rhile Pr is pirrtrlllr'
substituted fulCa to enhance lhe ibrmation L'i ihe

l2l1 phase. Po\\,d€fs wirh stitrtitg conposrilons as

mcntioned itbove rvcic prepared br con\eniionai
solid-:tate reaction. For Bi basecJ tapes. th; su-

perconductor po$ders consist oi ihe 11li phasc

as majoritv phase rvith lhe 2lll phiise end oiher
secondar_u- phases :rs mirol ities. For thc Tl-base d

tapes. the ma.jorit,"- phase is the llll phase rvith

the 1201 phase as minorit,v. Th. \olLLmc iirlclirro
of each phase in both porvders was estintatcd b,v

taking the ratio oi rhe highest peak of the XRD-
patter-ns r one phlse rvith respecr to the oth.r.
Both pouders rverc fine giound before oeing

packed inlo r Ag tube oi 6.0 mm outer diarneter

and -l.j mm inner diameter. The tube was groo!c
roiled. dla.,r n to I mn oute r diametei and then

rolled into iapc lbrm. Roilinr cylinders of 20 mm
in diameter and :r rolling spe ed oi about 0 6 m,'min
were used. The tapes wele thcn cul into )mi111

secrions l3 cm eachl beiore thermo-mechrntcai
rrsatncnt\. Borh B.- ,nJ T-br:cJ t,pc ",r- Cr

vided into three groups each labeLed as Bi-A. Bi-B.

Br-C Lnr: ,l-.\. Tl-8. - -r . ic pcc:ilelr. 'nd hcn

subjected to different lhefmo-mechanical treat-
ments as summarized in Table L The Unal lhick-
ness of the processed tapes in each group ls also

included in Table 1.

Thc p r:r,c, rn Inc rp(' 'erc .dcn..fied through
XRD pxtrem using : Siemens Dj000 diih'acto-
meter r.vith Cu-K, as a radiation source. A Philips

Table I

summary of rhe vsrious thermo-mechanictl {fealmcnls applied lo Ihe tepes wilh their 1,.,", J. and in3l tSickncss ot processeo iiloes

s.r-pt. trt tr"otlng Intermediele lnd heatrng Heaang I-'.'" J. rl 7; K Finll ihrckness

deformalion environ' (K) rnd self-tield of processed

Bi:)J tupel

Bi A S.lj'C: j0 h Rolltng

B1-B Sai'C r IiO h

Bi C SiO'C!50h

Ti l) 1) tupes

T1-A 8:0 "C t lj min Rolling
Tl B S20 "C x li min Roilng

Tl-C 310'C x 15 n1in iPressing:
Pressurc=0ljGPa)

{ir

O: 36 l0l0: E0 ll 1l

Or 36 65i:30 0 ll

o. s{ -1060 : 100 0.15

10j ill0 = 100 0 ll
100 I r:11- 100 0 ,11

100 i090 = 60 0.il

Sli'Cxi0h

910'Cxlh
910'C x l0 mtn -
3+0'C:2h '
910 'C x I h
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XL-10 SEM was used lo observe the microstruc-
tures of the samples. Critical temperature (4."'o)
ol thc tapes was melsured uJlng d dc four-probe

technique. Transport critical current density (-r.)

measurements were carlied out at liquid nitrogen

temperature using a dc tbur-probe technique with
I f.V/cm critenon ln magnelrc lielJs vrrying from 0

ro 0. I j T. Ma3netic lields r ,rA were applted per-

pendicular to the curtenl tlow direction. par.11el

(,? ) and perpendicular (H1) to the tape plane.

3. Results and discussion

XRD analysis shows the existence of mixed

phases of 2223 and 2212 in Bi-bassd lapes ard
a majority of the 1212 phase was observed in Tl-
based tapes. Secondary phases in both types of
tapes may act as flux pinning centers [20]. The

measured L."..'s are in the range i00-103 K
for the Bi-based tapes and 84-E6 K ior the Tl-
based tapes as lisred in Table 1 together wilh the

achieved -/.'s. Typical measurements for 4'.,. are

shorvn in Fig. 1.

Fig. 2 shows loglJ,(.H ) IJ,(H : 0 T)l versus -11

for Bi-'oased tapes with ,{ paralleL (H ) and per-

pendicular (,qr) to lhe tape plane /" Lnitiall,v

decreases rapidly with H, and H- wirh positrve

curvature untii 0.02 T, follorved by a gradual

decrease with negative curvature for H > 0.02

T{K)

Fig l. Normalized electfical resisrance Rlr)iR{f =100 K)
as a tlnction of lemperature. f ior samples Bi_A rnd Tl'C

1.00

0.00 0.05
H/T

0.10 c.t 5

Fig. 2. Nomalized J. versus H cnd ,ry. to the tape plane at 77

K for Bi'based tapes. 1is the direction ofcu.rent iloLv (tr) is fot
Bi'A with,ry, (l) is ior Br'A wiih,gr, (o) is for Bi-B wrth H,
(t) is for Bi-B wrrh l1:, (A) is ibr Bi C with 'c, ( ) is for
Bi'C with flr. Solid and dashed lines are a guide ior lhe eye.

T. Similar changes in curvatule were also observed

for the Tl-based tapes (Fig.3), except for sample

Tl-A in rvhich -r" initially decreases with n€gative

cur\rrLre before changing lo poitttve cunllLre
rnd then to negattre curvature again

0 0.05 0. 05

Fig. i. Noimalized J. versus,ryl and l1-! to the tape plane at 77

K fotJl-based tapes. / is lhe direction ofcurrent flow (A) is for
Tl-i with H;. ( ) is for Tl-A wilh gr, (tr) is for Tl-B with H
(I) is for Tl-B lvith ,ryr, (o) is fof Tl-C wirh H . f a) is for Tl'C
wilh Hr Solid and dashed lines are a guide for the ele
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J. of the Bi-bascd tapcs shows an anisotlopic
behavior with respect to applied H and ll as

shown in Fig. I The overall -/. for tapes in ff are

larger than J" rn LI;. This may be duc to se\,cral
i.rr\o.r i Il u.h .r. rir rn lni50Ifofrc L.nrt cell
of Bi-2121 and Bi-2111. (ii) the existence of trvist
grain boundalics and lesidual remnanL of sec-
q11l:srr ph.r ,er rn Lhe dirccion p;'r:'lJcl to t\. r.Lpc

plane. (iii) prel'erence grorvth of the plate-like su-
pc "ondu. or g.rin in thc a-A p rnc direttior
aLong the tape plane as indicaied in Fig. 1.

Corrvcrsell, thc Tl-based tapes did rot shor.v :rn1

significant anisotropic J. lbr applied H, dnd H.
(Fig. l) rhat was observed in the T1-1223 tape [22].
lh. .pherr..rl-lrkc er'r.n' 'a rhe I'-b.'.cd rJpe.

Lre r.rnoomil ul cnl,r.cd u.thour anv -li,,nmen.
in certain directior.rs.rs shown in Fig. 5. Unlikc Bi-
q .ed .,n,-< ,'.he '.e o-"ia I io.mcnt .tn b< .r,-
complished b.v thermo-mechalicai treatments. this
is r:elatii.elv dililcult to achieve Ln the T1-bascd
r.rp.s llr] Thelelbre. the h;k oi.:r.Lir.LlgrmcnL
in the Tl-b:lsed tapes contributes to lolver lniso-
tlopic -/. compared ro the Bi-based tapes.

Thc degree or rn.rotroprc Iran:port propqrrLrs

as measured by anisotropy factors (.J"(,H-i iJ,(il )j
:' r oor\ Bi.,nd T.-b.i.cd 'r;gi 1-g rh6wrl n F:r.
6. The value of the anrsotrop,v factors for ihe Bi
and TI based tapes xre ltom 0.15 to 0.6i and 0.75

to i.0, respectively. Different thermo mechanical
treritments irppLied to the Tl-based lapes did not
result in a signiflcant change of lransporl proper-

Fig. + SEM of sample Br-C lapes in longitudinal cross-section

sholving grains aligned along the tape plane.

F:g 5 SE\l ,)a jrnplr -!l C riLpes Lr L,)n!riuuinrl .rD:j-jJ!-.jon
showr.q :: i:!-riiLt: siape lnr:] ;iz:rs nr g: :lrn j !.|l!nt.d ::rrJonii,,'
r!long lre rr:c fL.rrLe

ties in:Lorilei magncric leici. F,rr Bi-based itpes.
anisotrop,. ticte,i; iol sanple Bi-A lnd Bi-B isnb-
jected to irre|mcdiete rolling or sinrcred at ionqer
du;ntion) ,retc ib'lnd to be highcl ihan rlte xn-
isorrool ircror ibr srmole Bi C. ft has been sho$,n
that interneditrre roLiinr enhences ,,'. tollorvrne
lhe improrertcnt of grlil-aiirnnient iilong the
tape plane. iet the processi|g coeCitton coLtld se-

verel_v dereiiorate thc grain textuie llll. Thc in-

0.7

I_i04

0.3

c_o

0.8

r.0

0.c

4.2

c.1

J 0.0s c.r a.'a
H/ T

Fig n \ir:,Jr.rr! lr.!or Io: -i:' .rrd Br-brs.d i:rrts shr.rLing
lhe degr.e or Lnisoiiop! rn ",, S,)ird rn(l .rrsh:.1 rnes r:e .1 !..|de

:,],:,1 . i:.ijt :;.,1,
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crease of lhe anisotropy lactor tor Bl-based tapes

at 0.01-0.03 T nal/ be due lo a more rapid drop

of "/. with applied H compared to applied lI-
The inirial decrease of -/. in lorv irelds for eilher

applied ll or H- is attributed to the decoupltng

oi Josephson weak links in rhe tapes lll.l5l The

rapid rcduction of .,r" in bolh Bi- and Tl-based

tapes sho\\s that rveak links are dominant For Bl-

based tapes- the initial decrease of -/. is onl-v untii

0.01 T. However. lhe initial decrease of '/. ior T1-

based lapes is more gradual tbr both tI and 11-

(up to 0.06 T). lvhich may be due to slorver de-

coupLing of l,eak links The projection of larger

,4 on the c-axis of the Tl-based tapes is recprired

in order to decouple almost all the rveak Links as

cLearl-v.' indicated in Fig. 7.

Thc supercutrent is caried mostly lhrougn

strong Links alter the initial decrease of "/. 125 29]

By |eltrring lo lhe normalized "/. versus 'ryr, the

pcrcentJse ol .lron'l linLs in Lhe Lapes wbi c\Ii

matecl lrom the ratio of /. in fieLds to the -/. in zero

neid [26.2?]. The amount of strong links in Ti-

based lapes r.vas lbund to be less than 15%' of the

total oumber of supercurrent links compared to

about lOyu lor the Bi-based tapes. This is one oi

0 0.05 01 015
H/T

Fig 1 Nonn.rlized ,'' versus l/, lo lhe rcpe plane fo' Tl- 3nd

Bi based iapes rt ,i K ( ) rs lbr T1-A wirh H- (') ls for Tl'B

wirh //,, {l) IS fo.Tl C wlth ffr' (A) is lor Bi-A rvlrh ff (O)'s

lbr Bi-B .'!ith H-. i-) is for Bi-C rvith I/, Solid and dashed

Lines are r gulde fo. Ih. ele

1-0

0.9

0.8

0.7

tr 0.6

g 05

0-3

4.2

0.1

0.0

the main reasons that the /. of the Tl-based tapes

is lorver rhan that oi Bi-based tapes Thc laller
graduall-v decrease of -/. (negative curr' ature pzLrt as

in Figs. 2 and I excspt lbr sample T1-A) is asclibed

to thermall-r acti!atcd flu\ creep (TAFC) 126] in

tlre inLil.'-1rn'.Lnti no' due o oecorlDllng uf thc

)trong lrn^-. .\, r.po :eJ rn .l0. thc l.-rr pirrnine

strength oi sriong llnks r.ras lound lo be s[ronger

rhan rhe intragrains pinning. TAFC causcs dissi-

parion of energy and therefore suppresses Jc. From

Fig. 7. "/. of the Tl-based t:rpes exhlbits a pla-

eru bc\ rv:or lor H 0.nn T a' -ne ncld dcp;n'
dence of -I. is wcaker compared lo the Bi-based

tapes. The releti.,ely constanl /. (ff > 0 06 T) re-

flects the stronger flux pinning properties in the

Tl-b-..J Lape. Js d :o-ls('quenLJ of'troncet in

terlayer coupling berrveen :djacenl Cu O planes

for the singlc insulating T1-O lav-er oi T1-1111

materials [1j.31]. The shorter spacing betlveen lhe

conciucting Cu O planes r'vould reduce the an-

isotropy oi the cel1 ltnit structure and hence lead to

stronger flux pinning properries of the materlals'

Nlorcover, rhe pin ing jtrsngth may be enhanced

b-'- small-scale delects introduced dr'tring thermo-

mechanical treaiments \\'hlch act as pinnng cen-

ters rn lhc tape f191.

.1. Conclusions

The transport critical current densiry of Bi-

222-:/Ag and T1-12i2/Ag HTSC tapes subjected

to va ous thermo-mechanical treatments ln lo\'v

magnetic f,elds,,vas compared. All the tapes dts-

play weak link dominated charecteristics which is

more severe in the T1-1211/Ag tapes The Bi-222i/
Ag tapes shorv larger anisotropic transport be-

haviol compared to Ti-1212/-\g tapes in appLied

field. This can be associated w-ith rhe mrcrostruc-

l,:ral diff-erence betr.veen lhese trvo r.vpes of tapes

as revealed tiom SEiv{s. The magnetic ficld de-

pendence of -r. exhibiting a piateau for ff > 0'06

T rvas obssned in Ti-1211/Ag tapes. This indt-

cates the slronger flux pinning properties in T1-

1212/Ag rapes. The strong interla,ver coupling rhat

resufted reduced structural anisotrop.v mai' be

responsible for the plateau in the Tl-1212/'\g
tap9s.

I ..:, :. :i:: t: .'..
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