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Abstract 

The (Tl1Pb1-xMx)Sr2Ca2Cu3O9-δ  superconductor with M=Bi and Cr has been prepared by solid state reaction 

method. The preparation of the precursor material using metal oxides powder of  high purity(>99.99%) 

Strontium Oxide, Calcium Oxide and Copper Oxides. The powder were mixed completely and heated at 900oC 

for 48 hours with several intermediate grindings. An appropriate amounts of Tl2O3 and Cr2O3/Bi2O3 (mole%) 

were then added to the precursor and completely mixed before being pressed into pellets form of 1.3 cm in 

diameter and 0.2 cm in thickness under 7 ton/cm2 of pressure and then first heated at 900°C in the flowing 

oxygen for 4 minutes, followed by furnace cooling to room temperature. The dc electrical resistance 

measurement in a range of 300K-50K were carried out using the four-point method with silver paste contact in 

conjunction with a closed cycle refrigerator from CTI Cryogenic Cycle Refrigerator Model 22. We observed 

that Tc zero  was changed from 69K to 70K and Tc onset from 88K to 90K  with addition of 0.1mole-% Cr2O3. When 

0.2 mole-% Cr2O3 was introduced, the Tc zero  decresed to 65K. It has been noted the addition of Bi2O3 could not 

enhanced the Tc zero  as well as Tc onset. All samples showed metallic characteristic at normal state. 
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1. Introduction  

Starting from the discovery of high Tc superconductivity by Bednorz and Muller until now, a great amount of 

researches contribute to superconductivity.  Several workers around the word not only explored several 

precursor materials but also have studied several systems. It has been known that Thallium system is the most 

promising material in the improvement of critical temperature. Sheng and Hermann [2] discovered high 

temperature superconductivity (HTSC) in the Tl-Ba-Ca-Cu-O system. As a consequently, many new 

superconducting systems and phases have been reported [1]. The Tl-Ba-Ca-Cu-O system high temperature 

superconductor is one of the most promising candidates in terms of critical temperature since its high Tc [1-7]. 

Several techniques such as: the preparation of precursor [2-5], the role of the doping [6,7,8,11,12] and the 

modification of sintering temperature [13,14] have been applied to the superconducting material in order to 

increase the transition temperature.  

The basic structure of Tl-Ba-Ca-Cu-O superconducting phases contains (Tl-O)2 bilayers or (Tl-O) monolayer 

separated by BaO-CuO2-Ca- CuO2-BaO layers [3]. The transition temperature for Tl-Ba-Ca-Cu-O system is in 

the range of 85K-125K [1] has been reported. In this paper we study the (Tl-O)2 trilayers with the formula of 

(Tl1Pb1-xMx)Sr2Ca2Cu3O9-δ ( x= 0.0 - 0.3) by solid state reaction.  Chen and his colleagues [14] and Sheng and 

his colleagues [15] reported that Cr atom has an ability to improve the phase formation. All of them reported the 

enhancement of formation Tl-1201 phase and Tl-1212 phase respectively by Cr substitution. However, little 

information about Tl-1223 phase. Cr-substituted TlSr2CaCu2O7-δ compounds are commonly synthesized via the 

conventional solid-state method, as the reaction proceeds by diffusion in the solid state, it requires mixing and 

grinding of high purity powder of oxides and/or carbonates for long hours before heating the mixtures at high 

temperature [13]. The high temperature processing of the Tl superconductors is further complicated by the 

volatility of Tl2O3, which as a result produced superconducting oxides that are highly porous and of low density 

[4]. Whereas M ASubramaniam and his colleagues [16] reported that the highest transition temperatures was 

observed when the samples were partially melted at > 900oC. They also reported that Tc zero of 110K and Tc 

onset of 112K were achieved.Faizah and his colleagues [8] reported that Tc zero=95K and Tc onset 112K and 

samples showed existence of dominant Tl-2212 phase along with small impurity phases. They also reported that 

the addition of Ag showed little effect on Tc values and showed a lowering of Tc to around 70K. Critical 

temperatures around 100K [14] and 104K [15]  have been achieved for the doped Tl-1212 and Tl-1223 phases. 

A Tc of 100K of the Bi-substituted sample in (Tl,Bi)Sr2CaCu2O7 has also been reported [16]. Pb-doped (Cu0.5-

xPbxTl0.5)Ba2Ca2Cu3O10-δ superconductor was reported with a Tcof 115K [23]. It can be seen that the Rare Earth 

elements were found to favor the formation of the Tl-1223 [17]. It is interesting to compare the effect of Bi and 

Cr on the superconductivity and formation of the Tl-1223 phase. In this research, we prepared Bi substitued Tl-

site to produce (Tl1Pb1-xBix)Sr2Ca2Cu3O9-δ and (Tl1Pb1-xCrx)Sr2Ca2Cu3O9-δ  with x=0, 0.1and 0.2 respectively. 

2. Experiment Procedure 

Samples with the nominal starting composition of (Tl1Pb1-xMx)Sr2Ca2Cu3O9-δ (Tl-1223) with x = 0.0, 0.1, and 

0.2 were prepared by the solid state reaction method. An appropriate amounts of high purity (>99.99%) 

Strontium Oxide, Calcium Oxide and Copper Oxides were mixed completely using an agate mortal to obtain a 
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homogeneous mixture. The precursor powder were heated at 900°C for 24h with twice intermittent grinding. An 

appropriate amounts of Tl2O3 and Cr2O3according to mole% were then addedto the precursor and completely 

mixed before being pressed into pellets form of 1.3 cm in diameter and 0.2 cm in thickness under 7 ton/cm2of 

pressure and then first heated at 900°C in the flowing oxygen for 4 minutes, followed by furnace cooling to 

room temperature. In order to compensate thallium loss during heating, excess of 10%Tl2O3 were added in.The 

dc electrical resistance measurements in a range of 300K-30K were carried out using the four-point method with 

silver paste contact in conjunction with a closed cyclerefrigerator from CTI Cryogenic Cycle Refrigerator 

Model 22 and a temperature controller from Lake Shore Temperature Controller Model 340 for temperature-

dependent measurements. A constant current source between 1 and 100mA was used throughout the 

measurements. The powder X-ray diffraction (XRD) pattern were recorded using a Bruker model D8 Advance 

diffractometer with CuKαradiation. 

Theoretically, the stoichiometric reaction can be written as: 

  2SrO3 + CaO + 2CuO                                   Sr2CaCu2O5  +  2CO2 

The sintering step can be presented as follows: 

 

Figure 1: Sintering process of precursor material Sr2CaCu2O5 

The next step is graining process for 1 hour ,sintering process is applied to the powder for second time for 6 

hours at 900oC. The cooling process is allowed to room temperature with addition of  Tl2O3, PbO and 

Bi2O3/Cr2O3:  

Tl2O3 + 0.9PbO + Sr2CaCu2O5 + 0.05Bi2O3                            (Tl1Pb0.9Bi0.1)Sr2Ca2Cu3O9-δ 

Tl2O3 + 0.9PbO + Sr2CaCu2O5 + 0.05Cr2O3                            (Tl1Pb0.9Cr0.1)Sr2Ca2Cu3O9-δ 

3. Results and Discussion 

The electrical resistance versus temperature curve of (Tl1Pb1-xMx)Sr2Ca2Cu3O9-δ samples for x=0.0-0.2 are 

shown in Figure 2 and Figure 3 respectively. From the Figure 2 it can be seen that the addition 0.1 mole-% 

Bi2O3 has increased the resistance of the superconductor. Thus, the sample has a lower critical temperature 

compared to that the pure sample. When 0.1 mole-% Cr2O3 was introduced, we observed that the resistance 
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decreased. The lower resistance lead to the increasing of critical temperature. The resistance graph of  

TlPbSr2Ca2Cu3O9-δ shows Tc onset around 88K and Tc zero at 69K. It is also clearly be seen that the sample without 

addition of Bi/Cr shows a metal characteristic at normal state. The addition of 0.1 mole-% Bi as well as 0.1 

mole-% Cr also show a metal characteristic at normal state. From the Figure 2, we noted that the pure sample 

has two Tc onset, the critical temperature where the resistance decreased gradually. For this sample, the Tc zero, 

where the resistance abruptly drop to zero was observed at 69K. This temperature increased to 70K when 0.1 

mole% Cr2O3 was introduced. This composition is in high temperature superconductor [9]. The resistance 

history of the sample with addition of 0.2mole-% Bi2O3 as can be seen in Figure 3.  

 

Figure 2: The dc electrical resistance towards the temperature 

 

Figure 3: The dc electrical resistance of  Tl1Pb0.8Bi0.2Sr2Ca2Cu3O9-δ 

Figure 3 shows the decreasing of Tc zero from 69K to 65K in the composition of Tl1Pb0.8Bi0.2Sr2Ca2Cu3O9-δ. This 

due to the phase unstability with higher ammount of Bi2O3. As it can be seen this sample also shows the over 

doped condition, we could not increase the content of  Bi2O3 furthermore. The resistance of the sample increases 

at this composition. Figure 4 shows the resistance history with addition of 0.3mole-% Cr2O3. The tail occurrence 

at normal state might be due to the ohmic contant. At normal state, the sample shows a metal-like characteristic. 
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The decreasing of Tc in this composition due to the presence of the other phase as a result of sintering process. 

However, we need  XRD-analysis software to calculate the major phase and minor  phase occurrence in each 

composition. The results will be reported elsewhere. 

 

Figure 4: The dc electrical resistance of  Tl1Pb0.8Cr0.2Sr2Ca2Cu3O9-δ 

We can observe the Tc zero for this composition around 64K and the Tc onset at 72K. It means that the addition of 

0.2mole% Cr2O3 could not enhance the Tc zero and Tc onset. The resistivity of  the samples at room temperature 

versus  Cr2O3/ Bi2O3 content as presented in Figure 5. As it can be seen the optimum resistivity occurred when 

0.1mole%  Cr2O3 was introduced. As such, this composition is reasonable to be developed  in the future work. 

 

 

Figure 5: Graph of resistivity at room temperature 

4. Conclusion 

In conclusion, samples with nominal starting composition (Tl1Pb1-xMx)Sr2Ca2Cu3O9-δ with M=Bi and Cr have 

been prepared via solid state reaction. The results showed that the addition of  0.1 mol% Cr2O3 has changed the 
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Tc zero from 69K to 70K, but the addition of 0.2mole% Cr2O3 decreased it to 65K. The addition of  0.1mole% and 

0.2mole% Bi2O3 did not show any influence to the Tc zero as well as Tc onset. 

5. Recommendation 

The composition of Tl1Pb0.9Cr0.1Sr2Ca2Cu3O9-δ is recommended as a starting material in the future work. A 

higher purity of the precursor powder  is also to be considered in the sample preparation.  
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