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(Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oy superconductor 

W. M. WOCH1*, R. ZALECKI1, A. KOŁODZIEJCZYK1, H. SUDRA2, G. GRITZNER2 

1Faculty of Physics and Applied Computer Science, AGH University of Science and Technology,  
al. Mickiewicza 30, 30-059 Cracow, Poland 

2Institute for Chemical Technology of Inorganic Materials, Johannes Kepler University,  
A 4040 Linz, Austria 

The (Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oy superconductor has been fabricated by the wet chemical gel 
technique. The structure of the superconductor was determined as a Tl-1212 tetragonal structure by X-ray 
diffraction technique. Magnetic properties of the specimen were characterized by measurements of the 
real and imaginary parts of ac susceptibility in function of the temperature and of the ac applied magnetic 
field. The peaks of imaginary part of ac susceptibility shifted to lower temperatures upon increasing 
magnetic field. Taking advantage of the Bean model, the critical current densities of the samples were 
calculated. The temperature dependences of the critical current were successfully fitted using the power-
law from thermally activated magnetic flux creep model. 
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1. Introduction 

Thallium based superconductors, especially in the form of thin films, are good 
candidates for power as well as microwave applications. Thallium (Tl-2212) thin films 
were already used in the fabrication of microwave filters for wireless telecommunica-
tion. Tl-1223 films on LaAlO3 substrate have good pinning properties and are suitable 
for high current applications [1] and for preparation of coated conductors. The Tl-1212 
phase has the structure similar to that of YBCO 123 superconductor. Substitution of 
rare earth cations into Ca2+ sites and partial replacement of Tl3+ with Pb4+ [2] consi-
derably facilitates the synthesis of Tl-1212. The preparative conditions for doped Tl-
1212 phases are less stringent than for other cuprate superconductors and optimum 
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oxygen stoichiometry is achieved rather easily. Compared to the Tl-1223 phase, the 
Tl-1212 phase exhibits a wider processing window and extended phase stability. This 
makes the material an interesting superconducting compound for both bulk phase ap-
plication and for superconducting films [3] justifying further research on this class of 
superconductors. 

In this paper, real and imaginary parts of ac susceptibility have been measured in 
function of both the temperature and amplitude of ac magnetic field, and critical cur-
rent densities have been determined based on Bean’s model. 

2. Experimental 

Sample preparation. Respective amounts of nitrates of Sr, Ca and Cu were dis-
solved in water. The solution was evaporated to dryness and post-dried at 130 °C un-
der the pressure of 1 mbar. Calcination was carried out in a chamber furnace at 900°C 

in air for 50 h. Appropriate amounts of PbO, Tl2O3 and Gd2O3 were added in a milling 
step in a Retsch micro-mill with a zirconium pestle and mortar for 30 min. The result-
ing powders were uniaxially compacted with the pressure of 1 GPa into cylinders of 
10 mm in diameter and about 1 mm thick. The discs were wrapped in silver foil. After 
detailed studies on the heat treatment procedure, the following sintering technique was 
applied. The samples were heated to 1168 K at the rate of 3 K/min and kept at this 
temperature for 10 h. The cooling rate was 3 K/min [4, 5]. The overall composition of 
the bulk superconducting material was determined by atomic absorption spectroscopy 
after dissolving the samples in 30% nitric acid and dilution with water [5]. 

Apparatus and experimental procedure. X-ray diffraction (XRD) studies with Ni-
filtered CuKα were carried on an X’Pert instrument (PANalytical, Netherlands) [4, 5]. 
The real and imaginary ac susceptibilities in function of ac magnetic field were meas-
ured by the standard mutual inductance bridge operating at the frequency of 189 Hz. 
A Stanford SR 830 lock-in nanovoltmeter served both as a source of ac current for the 
coil producing ac magnetic field and as a voltage meter of the bridge. The temperature 
from 77 K to 300 K was monitored by a Lake Shore temperature controller employing 
a chromel–gold–0.07 % Fe thermocouple with the accuracy of ±0.05 K. 

3. Results and discussion 

X-ray diffraction spectra showed that the sample was practically phase pure [4, 5]. 
The XRD data were analyzed based on a tetragonal unit cell with the lattice parame-
ters a = b = 3.809 Å and c = 12.117 Å. The real and imaginary parts of the ac suscep-
tibility of the sample (Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oy are shown in Figs. 1a, b . 
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Fig. 1. The real (a) and the imaginary (b) parts of ac susceptibility in function of temperature 
for various amplitudes of ac magnetic fields for (Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oy 

From the measurements of the real part (χ′) of ac susceptibility we have estimated 
the critical temperatures for the lowest ac magnetic field of both inter- and intra-grain 
regions as shown on Fig. 2, which were used later in Eq. (1) as starting parameters. 

The critical temperatures of the specimen are: inter
0cT  = 97.1 K, intra

0cT =101.1 K. The 
ac applied magnetic field broadens significantly the transitions to the superconducting 
state. This means that the inter-granular junctions are not very strong for the sample. 
Looking at the imaginary part of ac susceptibility (Fig. 1b), one can notice that the 
absorption peaks are moved to lower temperatures upon increasing ac applied magnet-
ic field. From the measurements, we can calculate the critical current density which 
can be derived from the position of the absorption peaks employing Bean’s critical 
state model and its extensions [6].  
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Fig. 2. The real part of ac susceptibility versus temperature with the critical  

temperatures of inter-grain and intra-grain regions as indicated 

 
Fig. 3. Density of the critical current in function of temperature for 

(Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oy (full circles). The solid line is the fit to Eq. (2) 

At the peak at a given temperature, the ac field amplitude Bac penetrates into the 
sample and the critical current induced by the magnetic fields is equal to the critical 
current density. The Bean model yields the following equation [7]: 

 c
2 acBJ

d
=  (1) 

where d is the sample dimension perpendicular to the ac magnetic field. Using Eq. (1), 
we calculated the critical current density for various temperatures. The critical current 
densities in function of temperature are shown in Fig. 3. 
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We assumed that the absorption in superconductors is due to thermally activated 
flux flow [1, 9, 10] which may be described by the following equation: 

 ( ) ( )c c
c0

0 1
n

TJ T J
T

⎡ ⎤
= −⎢ ⎥

⎣ ⎦
 (2) 

where Jc(0) is the critical current density at 0 K, n is the fitting parameter which may 
vary between 1.3 and 2.0 for high temperature superconductors [10]. Tc0 is the zero-
field critical temperature related to inter-granular region of the sample. It has been 
taken as a starting parameter from real part (χ′) of ac susceptibility as shown in Fig. 2. 
The fitting of Eq. (2) to the data obtained from experiments is shown in Fig. 3 as the 
solid line with Tc0 = 96.8±0.3 K being very close to the experimental value inter

0cT  

= 97.1 K. The fitting parameters were: n=1.51±0.1 and Jc(0)=(13.4±3)×103 A/cm2. 
Taking advantage of the fitting parameters, we calculated the critical current density at 
77 K: Jc(77) = 1.22×103 A/cm2. These Jc values are comparable to the critical current 
densities determined by dc transport measurements in [5]. The fitting exponent n of 
Eq. (2) is very close to 3/2 which was originally introduced in the superconductive 
glass state and the giant flux creep model [8, 11]. 

4. Conclusions 

The (Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oy superconductor has comparable superconduct-
ing properties to yttrium based YBCO-123 superconductor. Its inter- and intra-
granular critical temperatures are 97.1 K and 101.1 K, respectively. The critical cur-
rent density at 77 K is 1.22×103 A/cm2. Equation (2) fits very well the temperature 
dependence of critical current with the exponent n equal to 3/2 proving the giant flux 
creep model. 

Acknowledgements 

This project was supported by the Faculty of Physics and Applied Computer Science, AGH Univer-
sity of Science and Technology, Cracow, Poland and by the Austrian Science Foundation (Fonds zur 
Förderung der Wissenschaftlichen Forschung in Österreich, project No. 17420-N07). 

References 

[1] WOCH W.M., ZALECKI R., KOŁODZIEJCZYK A., HEIML O., GRITZNER G., Physica C, 434 (2006), 17. 
[2] EDGER M., GRITZNER G., Supercond. Sci. Technol., 18 (2005), 87. 
[3] MALANDRIN G., PERDICARO L.M.S., FRAGALLA I.L., CASSINESE A., PRIGIOBBO A., Physica C,  

408–410 (2004), 894. 
[4] GRITZNER G., SUDRA H., EDER M., J. Phys. Conf. Series 43 (2006) 462. 
[5] SUDRA H., GRITZNER G., Physica C, 443 (2006), 57. 
[6] BEAN C.P., Phys. Rev. Lett., 8 (1962), 250. 



W.M. WOCH et al. 1096

[7] CLEM J.R., Physica C, 153–155 (1988), 50. 
[8] YESHURUN Y., MALOZEMOFF A.P., Phys. Rev. Lett., 60 (1988), 2202, 
[9] TINKHAM M., Phys. Rev. Lett., 61 (1988). 1658. 

[10] WOCH W.M., ZALECKI R., KOŁODZIEJCZYK A., CHMIST J., HEIML O., GRITZNER G., Acta Phys. Po-
lon. A, 106 (2004) 785. 

[11] MÜLLER K.A., TAKASHIGE M., BEDNORZ J.G., Phys. Rev. Lett., 58 (1987), 1143. 

Received 7 May 2007 
Revised 22 September 2007 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


