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Abstract

Effects of Bi and Ti substitutions at Tl and Sr sites, respectively, on superconducting and normal state behaviors ob (ITBOSs9Y 0.1
CwO; (x = 0-0.5) and Tl_,Bi,SroTig1Ca Y 01CU,07 ceramics have been investigated. Temperature-dependent resistance measure-
ments on TdoBig 1Sk, Ti,CagY01ClO; (x = 0) showed metallic normal state behavior Witfpnset0f 96 K and T zer0 Of 61 K. Substi-
tution of Ti caused deterioration of superconductivity and gradual change of normal state resistance from metallic heka@idd.8) to
semiconductor-like behavior (= 0.4-0.5). Resistance versus temperature measurements_QBiT6rn ¢Tig1Ca Y 01CU07 (y = 0-0.6)
showed optimum superconductivity fpe= 0.3 with T onset0f 98 K andT. ,¢1,0f 68 K. The effects of Bi and Ti substitutions on superconducting
and normal state behaviors of the ceramics are discussed in terms of ionic radius of elements and the concept of average Cu valence.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction around 90K]5]. (TI,Bi)Sr,CaCuypO7; was superconducting
_ _ _ ~ at 75-95K][6] while (TI,Pb)SpCaCupO7 superconducts at

TI1212 is an important member in Tl-based family around 75K[3]. Simultaneous partial double substitutions
of copper-oxide-based superconductors as its structure isof Ph, Bi, or Cr for TI and RE" for C&" is known to
closely related to the Y12Bl] and can be made to exhibit  stabilize the 1212 phase and further enhaficé7,8]. The
different electrical behaviors by partial elemental substitu- valence of Cr and Pb at the Tl-site are suggested to be
tions. The unsubstituted parent compound FG&CwO; 3+ [7] and 4+ [3], respectively, while Bi at the Tl-site is
was reported to superconduct with critical temperatlt¢ (  suggested in mixed Bi/>t state[6]. Besides Tl and Ca,
of around 80K[2]. However, the compound is difficult  Sr is also a necessary element in the TI1212 structure to
to synthesize in pure form because of high average Cuprovide a lattice framework conducive to superconductivity.
valence and overdoping of hole carrier concentraf@  Although, compared to Ca-site, reports on Sr-site substitu-
Fortunately, the 1212 phase can be stabilized by controlling tion of TI1212 is not as extensive, elemental substitutions of

the hole carrier concentration using partial substitution of RE3* (RE: Nd, Sm, Eu, Dy, and Pr) have shown interesting
various elements at mainly the Ca and Tl sites to reduce theresults[9-11].

average Cu valencpt]. In TI1212, superconductivity can In this paper we report superconducting properties of
be optimized for maximunT; by reducing the average Cu triple-substituted TJoBig.1Sm_TixCan oY 1CwO7 (x =
valence to between 2.20and 2.36- [5]. 0-0.5) and T_,Bi,Sr1 9Tig1Ca9Y01CULO7 (y = 0-0.6).
Partial single-element substitution of RE (RE: rare  we present results from electrical resistance (dc) measure-
earth) for C&" in TISr,CaCO7 produces maximurifc of ments, powder X-ray diffraction (XRD) and microstructure

investigations using scanning electron microscope (SEM).

* Corresponding author. Tek:60-3-55444613; fax:-60-3-55444562.  1he superconducting properties are discussed according to
E-mail address: ahmad191@salam.uitm.edu.my (A.K. Yahya). the concept of average Cu valence.
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2. Experimental procedure

2.1. Samples preparation

€10 €0T

Samples with nominal compositions gbBig1Sr—
Ti,Ca9Y01Cw0O7 (x = 0-0.5), Th__yBinI’LgTio.]_Caj‘g
Y0.1CpO7 (y = 0-0.6) and Td.9Bio.1Sr.8Tio.2Cap.9Cup Oy,
were prepared from component oxides using the solid state
reaction and precursor method. Appropriate amounts of
high purity (=99.99%) powders of SrC§) Ti»O3, CaO,
Y203, and CuO were mixed and ground in an agate mortar.
The precursor powders were then calcined in air at around
900°C for 48 h with several intermittent grindings. Appro-
priate amounts of BO; and BpOs were then added to
the heated precursor and completely mixed. The powders
were then pressed into pellets with diameter of 13 mm and
thickness of around 2 mm under a load of 4-5tons using a
hydraulic press. The pellets were then placed in a ceramic
boat and heated in a three-zone tube furnace at 1000 3
flowing oxygen for 5min followed by furnace cooling to
room-temperature.
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2.2. Samples characterization 10 20 30 40 50 60
26(degrees)

The samples were exam.ined by pOWder X-ray diﬁr.aCtion 1. Powder X-ray diffraction patterns for oldBio1Sr_,Ti
method using Bruker D8 diffractometer with Cwadia- ' v o0, (x = 0 and 0.2). Peaks identified as 1201 phase are
tion. The volume percent of the 1212 and 1201 phases inmarked with *.
the samples were estimated by assuming that the amounts
of 1212 phase and 1201 phase are proportional to the inten- . i
sity of their strongest diffraction line, i.e. the (103) peak phase ratio and calculated lattice parameters of the 1212
for 1212 phase and (102) peak for 1201 phase. The latticePh@se of the samples are shown Table 1 The XRD
parameter of the samples was obtained from the computerd@f@ showed that botla- and c-lattice parameters  of
fittings of observed values of diffractograms for individual ~ 1109Bi0.1SR—,Ti.Ca9Y0.1CL0O7 decreased with Ti con-
sample. Scanning electron microscope micrographs Weretem; ) .
recorded using JEOL model JSM 6400 scanning electron Fig. 2 shows 'the electr.lcal resistance versus temperature
microscope. Electrical resistance measurements betweerfU'Vve for ThoBio.1Sr—,Ti,Ca9Y01CLO7 (x = 0-0.5).

16 and 300K were carried out using the four-point probe T1109Bi01SR—Ti:C&9Y01CO7 (x = 0-0.3) showed
method with silver paint contacts in a Janis model ccs Metallic normal state behaviors and a decreasdcitro
350ST cryostat in conjunction with a closed cycle refrigera- ffom 61 to 57 K with Ti content. Further substitution of Ti
tor from CTI Cryogenics model 22. The temperature sensor a* = 0.4 caused semiconductor-like normal state behavior
used was a TG-120P GaAlAs diode. The onset of super- accompqme_d by a drop in the _reS|st|V|ty curve at around
conductivity, TeonsetWas taken as the temperature at which SOK indicating a superconducting onset. However, zero
the tangent of the resistance versus temperature curve inter/€Sistance was not observed down to 16 K. At 0.5,
sects with the tangent of the part where resistance dropped

abruptly. Te zero is defined as the temperature at which the 1gpie 1

electrical resistance readings reached zero. Tconset Tczero Fesistivity (at 300K), 1212:1201 phase ratio and 1212
lattice parameters of §bBig.1SrL_,Ti,CagY01CpO7 (x = 0-0.5)

Sample Tconset Tczero Resistivity at 1212:1201 1212 unit

3. Results and discussion 300K (o, phase ratio  cell (A)

Qcm) volume (%) g c
Powder X-ray diffraction patterns for d§Big1Sr_,Ti, Xx—0 9 61 6.9 69:31 3814 12074
Ca9Y01CW0O7 (x = 0-0.5) revealed all samples con- y_o1 92 60 75 61:39 3.813 12.072
sist of major 1212 phase with tetragonal unit cell (space x=02 90 58 85 65:35 3.812 12.062
group P4/mmm) and minor 1201 crystalline phases. X-ray x=0.3 91 57 15 74:26 3.810 12.055
; ; ; : x=04 50 - 08 76:24 3.806 12.038
diffraction pattern for Td9Big1Sr_,Ti,CagY0.1CO7 o5 _ 06 1798 3806 12027

(x = 0 and 0.2) are shown ifig. 1 The 1212:1201
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Fig. 2. Normalized resistance vs. temperature curve for (Bib1Sr_x 10 20 30 40 50 60
TirCapgY0.1CLO7 (x = 0-0.5) and (b) T9Bio.1Sn gTio2CaCupOy. 26 (degrees)

Fig. 3. X-ray diffraction patterns for TL,Bi,Sr; gTip1Can oY 0.1ClpO7

Tlo.9Bio.1Sr15Tio5C2.9Y 0.1C207 showed insulating elec- (y = 0-0.2) samples. Peaks identified with 1201 phase are marked with *.

trical behavior. The room-temperature resistivifyalfle J

was observed to initially increase from &&m (x = 0) ) ) .
to 8.5Qcm (x = 0.2) but dropped to 1.8 cm and below non-superconducting and showed semiconductor-like nor-

(x = 0.3-0.5). Changes in the hole concentration with Ti mal state behavior. §bBio.1Sr.oTio1Ca0.9Y01CU07 Su-
content is evidenced by the variation in room-temperature PErconducts wittconset0f 90 K andTezero Of 60 K. Tezero
resistivity of the samples. increased from 60 to 68 Ky(= 0.1-0.3) before decreasing

However, Y-free Tg oBio 1S sTio 2CaC07 (Fig. 2(b) to 65K (y = 0.4). Metallic normal state behaviors were
was non-superconducting and showed semiconductor-like@PServed fory = 0.1-0.4. Aty = 0.5 the sample showed
normal state behavior. Powder X-ray diffraction patterns for semlconductor-llke_ n_ormal staFe _b_ehawor Wilgonset at
TlooBio.1Sr 8Tio 2CaCLO; did not show any peak that can around 80K. A tail in the resistivity versus temperatur_e
be indexed to the 1212 phase. This indicates that 3ub- curve was a_llso ol:_;served below 50K. The sample with
stitution at the Ca-site played a major role in formation of * = 0.6 was insulating. _ _
1212 phase. The results showed that for iT1,Bi,Sr1 gTig.1CangYo0.1

To investigate the optimum Bi content, samples with nom- Cu2,07 Series, the best superconducting behawor was
inal composition Ti_,Bi,Sr eTio1CaneY01C1L07 (v = achieved at Bi content of 0.3. Compared to previous reports
0-0.6) were synthesized. Powder X-ray diffraction patterns 2] Where maximuntconsetwas observed when 40-50% of
for Tly_,Bi,Sr1 ¢Tio1Ca.9Y01CWLO7 (y = 0-0.6) showed Tl was substituted by either Bi or Pb, our results showed

—yDPly . . . . = .
all samples consist of 1212 major phase with tetragonal
unit cell (space group4/mmm) and 1201 minor phase. The
volume fraction of 1212 phase was found to generally in- Pb'e 2T istivity (at 300K), 1212:1201 ph i 4 1212
: H H _ H H _ { resistivity (a , . phase ratio an
cease Wit B conenEi, 3 SHous X1ay GaCHon D v o LB Skt - .09
-y y . . . . - .

0.2). The calculated lattice parameters of the 1212 phaseSample Tconset Tezero Resistivity at 1212:1201 1212 unit cell
for the samples showed an increaseasfttice with Bi 300K (o, phase ratio - " 5 74

content fory = 0-0.3 before decreasing for= 0.4-0.6. y—o £ cm) V;(;lf:;e 06) 3802 12015
Table 2lists the results ofT, conset Teczero re§|St|V|ty (at —04 90 60 75 66:34 3808 12072
300K), 1212:1201 phase ratio and 1212 lattice parametersy — 0.2 93 62 2.4 61:39 3.814 12.056
for Tl 1_yBiysrl_gTio_]_C&).gYo_1CU207 (y = 0—0.6). y=0.3 93 68 3.0 64:36 3.815 12.051

Fig. 4 shows the electrical resistance versus tempera-y =04 92 65 15 69:31 3.810 12.045
ture curves for T_,Bi,Sr oTio1CaeY01CWLO; (y = y=05 80 - 08 78:28 3.811 12.029

0-0.6). Th_,Bi,SroTin1CaeY01CL07 (y = 0) was Y= = = 09 7723 3.804 12.027
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Fig. 4. Normalized resistance vs. temperature curves for ,Bi,Sr g
Tio.1Ca.9Y01Cp07 (y = 0-0.6).

that optimum superconductivity was achieved at slightly
lower Bi concentration.

SEM micrographs of fractured section ofT|Bi,Sr g
Tig1Ca9Y01CwO7 (y = 0-0.3) samples showed in-
creasing average grain size with Bi conteffig. 5 shows
SEM micrographs fory = 0 and 0.3. The increase
in grain size with Bi substitution may be due to par-
tial melting of starting mafterlals during f!nal S|_nter|ng Fig. 5. Scanning electron micrographs ofyTJBi, S sTio1CasY01
at 1000°C. The fact that BiOz has a melting point of  ¢,0, for (a) y = 0.1 and (b)y = 0.3.
860°C and the increase in grain size was observed with
increasing Bi content strongly suggest partial melting of
BioOs3. In addition, the increase in grain size probably
caused the drop in room-temperature resistivity with Bi
content Table 2 due to improved connectivity between
grains. In contrast, BlgBig1Sr—,Ti,CaoY1CwpO7 did
not show any systematic change in grain morphology
with increasing Ti.Fig. 6 shows SEM micrograph for
T|o.gBi0_13r2_xTixca3.9Yo.1CU207 (x = 0.1).

Elemental substitutions may result in stoichiometric
or off-stoichiometric compounds. For gldBig.1Sr_Tiy
Ca.9Y0.1CWwp0O7, considering ionic sizes of Ca and Ti, the
smaller Ti ion (TPt -ionic radius: 0.67 A, T -ionic radius:
0.61A) may substitute easily for the larger?Sr(ionic
radius: 1.18A) spacer ion. The decreasecitattice ob-
served for Td9Big.1Sr_,Ti,CagY0.1CWwO7 (x = 0-0.5)
(Table 1) suggests Ti substitution for &r. However, con-
sidering the ionic radius of Ti which is close to that of<u
(0.73A), it is also possible that some3TiTi*t may sub-
stitute for C@+ causing a decrease lattice. Since our
results showed simultaneous reductioadindc-lattice pa-
rameters with Ti content, it is possible that some Ti may sub- rig 6. Scanning electron micrographs of 3Bio.1Sk-.Ti1_CaoYo1
stitute into Cu sites. For T1,Bi,Sr1.gTig1Ca 9Y 0.1CU07 Cw,07 for x = 0.1.

(y = 0-0.3), the increase eflattice (Table 2 indicates hole
doping and can be explained in terms of the concept of the
average Cu valence. When3i®* is substituted for B,

in order to satisfy charge neutrality requirement, smaller
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mal state behavior for TL,Bi,Sr gTig1Ca.9Y0.1Cp0O7

(y = 0-0.6) series, the sample with= 0.3 is suggested to
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