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Abstract

In this paper, investigations were carried out on the effects of simultaneous
partial substitution of Tl at the Hg site on the physical properties of an Hg,.
<1 1xBa,Ca,Cu305.5 cuprate superconductor with x= 0, 0.1, 0.2, 0.3 and 0.4. Two
steps of the solid state reaction method were used to prepare samples in capsule. The
results showed that the optimum sintering temperature was equal to 850 'C and the
sintering time was equal to 20 h for the prepared samples.

The best conditions for constitution and stabilization of the high T, phase-1223
were obtained by investigating the effects of TI substitution on Hg site and oxygen
content (8) on the superconducting properties.

Structural investigation revealed that all the samples have a tetragonal
structure with two phases, namely an Hg-1223 high T, phase as a main phase and an
Hg-1212 low T, phase. Besides, some impurity phases like CuO and CaHgO, were
found. The increase of Tl content in Hg,T1,Ba,Ca,Cu;04.5 compound from O to 0.4
caused a change in the lattice parameter, density of the unit cell (p,), and c/a values.

HgBa,Ca,Cu;04.5 compound exhibited a critical transition temperature that is
equal to 115 K. On the other side, the results showed that the highest T, was 119 K
for HgogTly» Ba,CayCuzOs.5. The oxygen content (6= 0.46) was expected to be the
optimum hole doping for Hgq Ty, Ba,Ca,Cus0s.5 compound, which means in our
opinion that & plays a remarkable role in the assessment of T..
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1. Introduction

Mercury-based cuprates HgBa,Ca,1Cu,O,,245, Where n indicates the set of successive Cu-O
layers, was first discovered in 1993 [1]. Types of superconductors as Hg-based high T are interesting
for researchers because they have higher superconducting transition temperature (T, =133 K for
HgBa,Ca,Cus0s.5) [2]. For these compounds, the absence of trivalent element is a reason for the
presence of excessive oxygen voids, which probably render the Hg— based cuprates unstable,
consequently the hard in its synthesize as in matching with other family of cuprate oxide [3-5]. Many
efforts to overcome these problems have been exerted. Partial substitution of Hg*? using different radii
and valances of ions, such as TI™ in the HgBa,Ca,Cu;Os.s system, perhaps affect the figuration,
structural stabilization and superconducting characteristics of phases [6, 7].

Hur et al. [8] prepared the mercury base superconductor (Hg,Tl1)-1212,Hgo5TlosBa,Ca;SryCu,0q:5
at (x=0.14) by using the solid state reaction method. The examination of x — ray powder diffraction
revealed a tetragonal symmetry of the crystal with a space group of P, / mmm. They found that the
value of T, was 128 K, which is a T, value for a synthesized sample sintered at 400 °C for 6 h. The
sample was annealed in an argon atmosphere and the T, was increased to 132 K. In addition, they
found that TI substitution at the Hg site is an evidence of stabilization of the (Hg, TI) — 1223 phase and
the value of critical current density is approximately doubled in comparison to that value for the
pristine Hg Ba, (Ca;,Sry),CusOs.5 The influence of preparation method and n values on the critical
temperature of HgogTlp2BayCa,.1Cu,Oans24s fOr N=1-5 system was studied by Hermiz et al. [9] using
solid state reaction process with two steps. The value of T, was enhanced by increasing n value up to
3. However, a reduction of T, was found at higher values of n. Their results indicated that the
maximum value of T, for the prepared samples of (Hg-TI)-1223 was 125 K.

Alias et al.[10] prepared superconductors at high temperature with Hg;,T1,Ba,Ca,CusOq.5 as a
nominal composition for (0<x<0.4) via a two- steps solid state reaction in air. Their results showed
that the optimum sintering temperature was 880 °C, whereas the sintering period was 100 h. The Tl
substitution in Hg sites for Hgy 6 Tlp4Ba,Ca,Cus0g.5 compound has maximized the value of Tc to = 124
K. For all samples, using X-ray diffraction analyses, a tetragonal structure was noted, in addition to the
change in the lattice parameters with the TI content increment.

In previous works [11,12], we studied the effect of neutrons (thermal and fast) irradiation for
different times on the structure , transition temperature (T.) and superconducting phase morphology of
Hg1.xy TIkPbyBa,Ca,Cu30s5 for (0<x<0.4) and (0<y<0.4) compositions using scanning electron
microscopy. We found that the elongated grains are accountable for the superconductivity, which
could occur for high and low T, phases. The defects, such as amorphous phase and grain boundary,
that influence critical current density were observed. We concluded that the transition temperature is
reasonably dependent on microstructural features and the microstructural details may influence
transport Jc.

This paper studies the effects of simultaneous partial substitution T at the Hg site on the physical
properties, such as the structure, critical temperature and electrical resistivity, of Hg,.
« T 1,Ba,Ca,Cuz05.5 compound with x=10, 0.1, 0.2, 0.3 and 0.4, which is prepared in capsule.

2. Experiments

By choosing suitable weights of Hg,O, BaCO;, CaO, CuO, and TI,O3 proportional to their
molecular weights, samples were prepared by two steps of the solid state reaction method. The first
step involved mixing the oxides and carbonates of Ca, Cu, and Ba to prepare Ba,Ca,CuzOg precursor.
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The blend homogenization was carried out by admixing a suitable quantity of isopropanol to make
dough, through the operation of grinding which took about sixty minute. The dried mixture was
weighted and placed in an alumina crucible, then calcinied in air using a tube furnace that run by
programmable controller (Eurptherm818) for 24 hours at 800 °C with a rate of 2°C / min. The second
step involved a reground process again and mixing with Hg,O and TIl,O; to obtain a nominal
compound of Hg,,T1,Ba,Ca,Cus0s.5. Next, the mixture was subjected to pressing into pellets with
1.3 cm diameter and 0.2 — 0.3 cm thickness, using a hydraulic device (SPECAC), under 0.7GPa.
pressure.

The samples were set in a sealed quartz tube evacuated by a rotary pump to obtain a pressure of 10
mbar. Then these samples were placed in a programmable furnace to raise the temperature up to 600
°C for one hour with a rate of 200 °C/h, thereafter reaching 860°C at a rate of 100 °C/h and kept at this
temperature for 20h. In the end, and by the same rate of heating, the furnace was cooled to room
temperature.

In order to determine the electrical resistivity (p) and critical temperature (T,), the linear four point
probe dc technique at a temperature range of (77-300) K was used.

X-ray diffractometer (XRD) (Philips) with the Cuy, source was used to identify the structure of the
prepared samples. A computer code was accomplished to calculate the lattice constants a, b, and c.
The code was built based on Cohen's least square method [13].

The parameters of the extra oxygen content (8), mean oxidation state of copper (vay cu) and the
density of the unit cell (p,,) for the specimens were estimated as was explained in previous papers [10,
14].
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Figure 1-patterns of x-ray for fluorescent HgBa,Ca,Cu3Os.; sintered in capsule.

3. Results and Discussion

The test of elements’ quantities for the HgBa2Ca2Cu308+6 compound sintered in capsule was
carried out by XRF. Data illustrated in Figure-1 show that the grains belonging to the superconducting
phase consist of Hg-Ba-Ca-Cu-O. This result is in agreement with that reported by Xu et al.[15]. They
found that the capsulation method stops the runaway of Hg element from the mixture.

Figure-2 represents an XRD pattern of the Tl free specimen HgBa,Ca,CusOs,5, Which indicates
the Hg-1223 high T, phase, as a main phase, and Hg-1212 with Hg-1234 as low T, phases,
accompanied by some impurity phases like CuO and CaHgO, . The appearance of more than two
phases could be related to the stacking faults along the c-axis
[16]. It should be mentioned that the intensities of the
diffraction peaks have a relatively slight variation for different
samples.
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Figure 2-patterns of x-ray diffraction for (a) HgBa,Ca,CusOg.5 and (b) HgogTly.Ba,Ca,CusOq.s
sintered in capsule.

Table 1-Lattice constants, ¢/a and density py, for different composition of Hg; T1,Ba,Ca,Cu30s.;s .

From Table (1), the tetragonal structure is clear in both Hg-1223 and (Hg, T1)-1223 samples, which
have lattice constant values of a=3.848 A and ¢=15.781 A for the thallium free sample and a=3.868
A and ¢=15.915 A for x=0.2. This impacts the unit cell volume and in consequence causes an
enhancement of the unit cell density from 6.210 to 6.391 g/cm®.

The step of adding thallium yields additional oxygen atoms which might bond into HgO planes,
turning up the oscillation frequency of excessive oxygen content and, subsequently, stabilizing the
construction building of the Hg-1223 phase [17]. The obtained lattice constants, c/a, and density of
unit cell and their differences based on XRD patterns are shown in Table-1.

It is noticed from Figure-3 and Table-2 that the HgBa,Ca,Cus0s.5 sample has 115 K as T, value ,
while 119 K is the highest T, value of HggsTly,Ba,Ca,CusOg.5 . The addition of small amounts of Tl
enhances the solid state reaction rate and greatly increases the superconducting volume fraction, then
increases the transition temperature [14]. Besides, thallium introduces more oxygen atoms and
stronger bonding into HgO planes, raising the vibration frequency of oxygen atoms and hence
stabilizing the crystal structure of the Hg-1223 phase [15].

Our observations of the encapsulation method are similar to those of Dai et al.[18]. They found that
the superconducting transition temperature of the TI- substituted on the Hg-1223 was enhanced, and
that Hgg g Tly.Ba,Ca,Cu30s.5 sample had a value of 133 K which increased to 138 K after annealing in
oxygen.

Furthermore, Pandey et al.[17] found that T, went up when increasing Tl content of the as-

synthesized specimen .Their results coincides with the obtained result here based on the specimens
with x=0.2, which indicates that Tl has the most important part and has influences on the configuration
of high T phases.
The extra oxygen content (8) was found by using a simple chemical experimental procedure named
“lodometric Titration” [19] for Hg;,T1Ba,Ca,Cus0s.5 samples with x=0 and 0.2. The connection
between oxygen content  and transition temperature T, for Hg;.«T1,Ba,Ca,Cu3Os,s with (0-0.4) can
be noticed in Table-2.
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Figure 3-Normalized resistivity and temperature relation for Hg; ,T1,Ba,Ca,Cu3Og.s

Table 2- excessive of oxygen atoms, mean Cu valence and critical temperature values for Hg;.
«T1,Ba,Ca,Cuz0q.s .

It is observed from this Table that the 6=0.46 value for HgogTlo2Ba,Ca,CusOg.5 has a critical
temperature of 119 K, which represents the highest value with ideal carrier concentration. For pure
Hg-1223, the occupancy of interstitial oxygen &= 0.32 leads to an average value for copper valency
*2210On account of the valency*? of Hg, all the oxygen positions are empty as compared to (Hg,TI)-
1223 compound. The O (4) position is partly occupied by oxygen atoms. In relation to this fact, there
is a large elasticity in HgO which is related to the injunction of extra oxygen atoms during
oxygenation or through immersing of other suitable elements with a large amount of related oxygen
atoms in place of Hg. Thus, replacing mercury ions by thallium ions yields a higher amount of related
oxygen atoms (from 0.32 for pure sample to 0.46 when x became 0.2) in the metal oxide HgO layer,
consequently disarranging the charge equilibrium. In comparison with T1-1223 system, this will drive
a modification in the doping plane of CuO, by making more voids to compensate the imbalance of the
charge in HgO layer [20].

4. Conclusions

In this article, it was found that the optimum sintering temperature for samples prepared in
capsule for 20 h was 850 ‘C .The maximum transition temperature was equal to 119K for HgosTly.
Ba,Ca,Cu3s0s.5 compound. The encapsulation method has proved to be the best method for achieving a
strong and high density structure with short sintering time and less run away of Hg, as shown in x-ray
fluorescent results. However, this method is difficult in fabrication with high cost if compared with
synthesis in air.
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