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Preparation and Properties of Doped Hg-Based
Superconducting Copper Oxides
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Synthesis of Pb, Fe and Cd doped Hg-based HgBa2Ca2Cu3O8+δ (Hg-1223) superconducting ceramics was
performed. Hg-free precursor Ba2Ca2Cu3O8+δ with high chemical homogeneity and reactivity obtained by the
sol-gel method was used. The superconducting and impurity phases were determined by means of scanning
electron microscopy and microprobe analysis. The results of resistivity and magnetization measurements for
different kinds of doped elements were presented.

PACS numbers: 74.72.–h

1. Introduction

The homologous series HgBa2Can−1CunO2n+2+δ

where n = 1, 2, 3 . . . possesses the highest supercon-
ducting transition temperature (Tc) among analogous
superconducting materials. Unfortunately, there are still
scientific and applied problems concerning the phase
stability, especially the presence of carbon dioxide and
humidity. The doping with high-valence type Re, Pb
and another element has beneficial effects on both the
phase stability and superconducting properties of the
HgBa2Ca2Cu3O8+δ phase [1–3]. It was found that
traces of moisture and/or carbon dioxide reduce the
equilibrium mercury partial pressure PHg of nonsuper-
conducting phase HgCaO2, which is a product of the
synthesis reaction, whereas partial substitution of Re,
Pb and Mo for Hg suppresses the PHg of Hg-1223 at the
synthesis process [1]. In addition, it is known that the
doping with numerous elements considerably influences
the critical current of the high temperature supercon-
ductivity (HTSC) system of superconducting grains
coupled by the Josephson weak links. For example, the
pinning enhancement in the HTSC samples is shown to
ocCur as a result of Fe ions influence on Y-, Bi- and
Hg-containing materials [3, 4].

Formation of the Hg-based superconducting materi-
als critically depends on the used precursor and syn-
thesis conditions. Using the wet chemistry offers some
advantages in comparison with the classical solid state
ceramics processing, especially better chemical homo-
geneity and higher reactivity of the precursor powder.
In particular, the solutions of oxalates, nitrates or or-
ganic complexes (sol-gel method) [5, 6] were used for
YBa2Cu3O7−δ, HgBa2Cu1O4+δ synthesis processing.

In this paper, we report on the successful fabri-
cation of Pb, Fe and iSovalent Cd doped Hg-based
HgBa2Ca2Cu3O8+δ superconducting ceramics. The sol-
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-gel method for preparing Pb, Fe and Cd doped Hg-free
precursors was used. For determining the superconduct-
ing and impurity phases, scanning electron microscopy
and microprobe analysis were used. The resistivity and
magnetization of doped Hg-1223 were measured.

2. Experimental

The synthesis of 15% Pb, 5% Fe and 5% Cd by us-
ing the precursor method was performed. These levels
of doping element contents were chosen from the view-
point of optimum stability effect (for example [1], near
15–20% Pb) and sufficient influence on the superconduc-
tive properties of Hg-1223 (near 5% Fe, Cd). Fine homo-
geneous and reactive Hg-free precursor Ba2Ca2Cu3O8+δ

samples were obtained by the sol-gel method using acetic
acid as a complex-forming agent and the acetates of Ba,
Ca, Cd, Cu, Pb and Fe were used.

The nanogranules synthesis from the supersaturated
solution of these acetates in water–acetone solution
(1:1) with ammonium citrate gel was carried out. The
nanogranules growth in the range of 250–350 ◦C was ob-
tained. This material was pressed and annealed at flow-
ing oxygen at 900 ◦C for 120 h.

The precursor was synthesized from oxides at the fol-
lowing thermal treatment (at 900 ◦C):

2BaO + 2CaO + 2.95CuO + 0.05FeO + 0.15PbO
= Pb0.15Ba2Ca2Cu2.95Fe0.05O7+δ.

The obtained precursor was milled along with HgO and
pelletized at a pressure of 75 MPa. The pellets in sealed
quartz tube were heated at 860 ◦C for 30 h and furnace
was cooled with 10 ◦C/h.

Samples of Pb, Fe and Cd doped HgBa2Ca2Cu3O8+δ

superconductor were prepared in sealed quartz ampoules
by means of the following reactions (on the example of
Pb, Fe doping):

0.85HgO + Pb0.15Ba2Ca2Cu2.95Fe0.05O7+δ

= Hg0.85Pb0.15Ba2Ca2Cu2.95Fe0.05O8+δ,

(27)
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0.85HgO + Pb0.15Ba2Ca2Cu3O7+δ

= Hg0.85Pb0.15Ba2Ca2Cu3O8+δ.
The precursor pellets and superconducting samples

were examined for determining the composition of the
superconducting and impurity phases by scanning elec-
tron microscopy and microprobe analysis.

The temperature dependences of the resistivity of Pb,
Fe and Cd doped HgBa2Ca2Cu3O8+δ ceramics after syn-
thesis and annealing at 350 ◦C for 20–50 h in flowing oxy-
gen and argon atmosphere were measured. The super-
conducting transition temperatures Tc (determined from
the dρ/dT derivative) were presented. The magnetiza-
tion versus temperature (4.2–140 K) and magnetic field
(up to 15 kOe) measurements for different kinds of the
doped elements using a Quantum Design PPMS device
were carried out.

3. Results and discussion

According to the microscopy and microprobe analysis
the used sol-gel method allows us to obtain fine homoge-
neous Hg-free precursor (as seen in Fig. 1a for the exam-
ple of Fe doping).

Fig. 1. Scanning electron microscopy (SEM) im-
age of Pb0.85Ba2Ca2Cu2.95Fe0.05O7+δ precursor (a),
Hg0.85Pb0.15Ba2Ca2Cu2.95Fe0.05O8+δ (b).

There are three main phases in the precursor material:
the grey granules of BaCu0.95Fe0.05O2, dark granules of
Ca2Cu2.95Fe0.05O3 and white granules of Ba3Pb2O5.

Fig. 2. Temperature dependences of resistivity: ρ/ρ200

of Pb, Fe doped HgBa2Ca2Cu3O8+δ as synthesized ce-
ramics (a), and in flowing oxygen and argon for Fe, Pb
doped HgBa2Ca2Cu3O8+δ (b). In inset: dρ/dT versus
temperature.

Figure 1b shows the typical picture of doped Hg-1223
ceramic surface. The superconducting phase is shown
in Fig. 1 by the grey color. According to the microstruc-
ture analysis there are plate-like grains with a typical size
of 10–20 µm. The Hg, Pb, Fe-1223 material obtained by
the sol-gel method possessed high density and nonsuper-
conducting phases such as HgCaO2 and BaCuO2 were
observed. The formation of HgCaO2 by the interactions
between HgO and oxides at 500 ◦C was achieved, however
forming Hg-1223 phase was not observed. By the micro-
probe analyses it has been established that Fe is present
in the superconducting phase near 5%. Probably, Fe ions
replace Cu in the CuO2 plane.

Figure 2a shows the temperature dependences of the
resistivity of Pb, Fe doped HgBa2Ca2Cu3O8+δ ceramics
after synthesis and annealing in flowing oxygen and ar-
gon atmosphere (for the example of Fe doping, Fig. 2b).
There are two-step dependences on the superconducting
transitions. The low temperature part of the transitions
is very sensitive to magnetic field and depends on the
intergranular media. The values of Tc (determined at
dρ/dT maximum) for Pb doped, Hg, Fe, Pb-1223 sam-
ples were equal to 129 K and 118 K, respectively. After
synthesis the samples were in the oxygen overdoped state
and reach the optimum state in flowing argon, similarly
to the case of Fe doping. From Fig. 2b we can see that Tc

for the as-synthesized sample is 118 K, while Tc decreases
to 113 K at annealing in oxygen and grows up to 115 K
in argon atmosphere.

The results of DC zero field cooling (ZFC) and (FC)
magnetization M measurement were shown in Fig. 3a.
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Fig. 3. Magnetization of ◦ Pb, ¤ Fe and • Cd doped
HgBa2Ca2Cu3O8+δ ceramics: versus temperature (a),
in magnetic field at 4.2 K (b), and at 77 K (c).

There are two-step dependences on the superconduct-
ing transitions which correlate with the electric measure-
ments and Tc for the Hg,Cd, Pb-1223 sample was de-
termined at 126 K. The magnetic hysteresis loops were
measured at temperatures 77 and 4.2 K in applied field
up to 15 kOe for different kinds of the doped elements.
The critical current at 77 K obtained from magnetiza-
tion measurements has the same value for Cd, Pb- and
Pb-doping and decreased for the Hg, Fe, Pb-1223 ceram-
ics. It was noted that the full penetration of magnetic

field in the sample takes place at lower field values for
Hg,Cd, Pb-1223 in contrary to Hg, Pb-1223. This fact is
connected with the decrease in the second critical field
for Hg,Cd, Pb-1223.

The intragranular critical current densities were es-
timated from magnetization measurement at 4.2 K
(Fig. 3b) using the Bean model [7]. These are Jc −
6200 A/cm2 for Hg, Pb-1223 and Hg,Cd,Pb-1223. The
doping of Fe, Pb causes an increase of Jc to 6800 A/cm2.

4. Conclusions

In this work, we carried out the synthesis of 15% Pb,
5% Fe and 5% Cd doped mercury superconductor
HgBa2Ca2Cu3O8+δ employing highly homogeneous and
reactive Hg-free precursor Ba2Ca2Cu3O8+δ obtained by
the sol-gel method. The superconducting plate-like
grains with a typical size of 10–20 µm and nonsupercon-
ducting phases of doped Hg-1223 ceramics surface were
observed. On the basis of temperature dependences of
the resistivity of doped HgBa2Ca2Cu3O8+δ ceramics (on
the example of Fe doping) it has been shown that after
the synthesis the samples were in oxygen overdoped state
and reach the optimum state in flowing argon.

The magnetization versus temperature (4.2–140 K)
and magnetic field (to 15 kOe) for different kinds of
doped elements was measured. The Fe doped samples
of HgBa2Ca2Cu3O8+δ show decreasing Tc, however, it
gives rise to increase in the critical current in grain.
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