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The composite systems as a mixture of fine magnetic particles of Fe3O4
and superconducting powder such as Bi1.8Pb0.2Sr2Ca2Cu3O10+x  were pre-
pared. The influence of internal magnetic field (generated by magnetic parti-
cles) on the superconducting properties of prepared composites were studied
as a function of concentration of magnetic particles and their magnetic state.
The observed data both of the shielding and the Meissner effect were com-
pared with corresponding linear combination of pure signals of magnetite and
superconductor, respectively. The large differences were observed for demag-
netized samples. It means that result must be discussed in the frame of the
distribution of internal magnetic field created by the magnetic particles.

PACS numbers: 74.72.Ηs, 75.50.Tt

1. Introduction
The magnetic flux exclusion properties of superconducting material are

strongly affected by the presence of magnetic field larger than lower critical field.
As an applied field rises above Ηc 1 , magnetic flux penetrates into the body of
the sample, reducing the amount of excluded flux. In our previous paper [1] the
influence of internal magnetic field on the superconducting properties of compos-
ites consisting of a mixture of superconducting YΒa 2 Cu3 O7-x and ferrimagnetic
Fe304 powder. The experimental data have shown that even very small magnetic
particles admixture is high enough for a significant Meissner effect disturbance.
Flippen [2] studied magnetic flux exclusion properties of composites of magnetic
CrO2 and superconducting YΒa2Cu3O7-x powder. It was shown that the mag-
netic state of magnetic material affects flux exclusion of superconducting material.
Our aim in this paper was to study the flux exclusion properties of composite ma-
terial made up of high-Τc superconducting Bi1.8Pb0  2Sr2Ca2Cu3O10+x and fine
magnetic particles Fe3O4 traditionally used in magnetic fluid technology.
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2. Experimental

The samples of high-Τc superconducting powder oxide with nominal compo-
sition of Bi1.8Pb0.2Sr2Ca2Cu3O10+x  were prepared by common powder metallur-
gical method from Bi, Pb, and Cu oxides, and Sr and Ca carbonates. Typical size
of particles was about 10-15 μm. For more details of preparation conditions see [3].
The estimated values for Τc and μ 0 Ηc 1 were 108 K and 40 mT, respectively. The
magnetic particles Fe3O4 (mean diameter D = 10 nm and standard deviation
σ = 0.22) were prepared by the well known precipitate technique. The samples
of composites were made by thoroughly mixed appropriate masses of powders of
high T materials and magnetite in a nonreactive fluid such as ethanol, followed
by evaporating fluid and pressing at constant pressure p = 10 kbar finally. We
used four samples with 0.2, 0.5, 1, and 2% of mass concentration of magnetite, re-
spectively. All prepared samples were measured at two defined magnetic states —
demagnetized and magnetized at external magnetic field μ 0 Η = 4 T at 200 K. The
magnetization was measured by a vibrating sample magnetometer in the temper-
ature range 4.2 to 120 K. The sample was cooled in zero field to 4.2 K, then small
magnetic field of μ0Η = 2 mT was applied and the temperature dependence of the
magnetization of the sample was measured up to 120 K (zero field curve, ZFC).
This curve corresponds to the shielding effect. Subsequently, the temperature de-
pendence of the magnetization of the sample was measured in the same magnetic
field in the temperature range 120 to 4.2 K (field curve, FC). This measuring of
the flux exclusion corresponds to a true Meissner effect.

3. Results and discussion

Figure 1 shows ZFC and FC curves for pure pressed magnetite and super-
conducting oxide used in the experiments.

Figure 2 represents ZFC and FC curves for two mass concentrations of mag-
netite for demagnetized and magnetized state. The addition of magnetite causes
the shift of both the flux exclusions (the Meissner effect) and shielding effect. We
can see that this change increases with increasing mass concentration and is larger
for magnetized samples. The influence of mass concentration of magnetic parti-
cles on the shielding and the Meissner effects for demagnetized and magnetized
samples are illustrated in Figs. 3 and 4 respectively. For illustration we compared
our experimental results of composites with the simple linear combination of the
corresponding signals of pure magnetite and superconducting material.

From these figures it is evident that the differences between measured and
calculated values are very small for demagnetized samples while significant differ-
ences are observed for magnetized samples for both the Meissner and shielding
effects. It means that in demagnetized sample8 the adding of small concentration
of magnetic particles creates the internal fields (lower than Ηc1) that are so low
to influence the superconducting properties and their only effect is the shift of the
curves to higher values. In our previous work we have studied the flux exclusion
properties of YBaCuO — magnetite composites [1]. The obtained results showed
that approximation of effective medium theory is not suitable for such system.
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Fig. 1. ZFC and FC curves at μ0H = 2 mT for pure magnetite powder (circles) and
for Bi 1 .8 Ρb0 . 2 Sr2 Ca2 Cυ3 O1O+x powder (triangles).
Fig. 2. ZFC and FC curves at μ0Η = 2 mT for two mass concentrations (0.2% Fe3O4
— squares and 2% Fe3O4 — triangles, respectively), for demagnetized samples (open
symbols) and samples magnetized at external magnetic field μ0Η = 4 T (solid symbols).

Fig. 3. The shielding effect as a function of mass concentration of magnetite particles
at 25 K (squares — demagnetized samples, triangles — magnetized at μ0 Η = 4 T, solid
and open symbols denote measured and calculated values, respectively).
Fig. 4. The Meissner effect as a function of mass concentration of magnetite particles
at 25 K (squares — demagnetized samples, triangles — magnetized at μ0Η = 4 T, solid
and open symbols denote measured and calculated values, respectively).

When we assume, for example, that system of magnetic particles in a compos-
ite can be considered as a system of randomly positioned magnetic dipoles with
density n, with Gaussian distribution of the internal magnetic field [4]
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with Gaussian spread

dependent on the magnetic particles with diameter α, their magnetic moment p,
and saturation magnetization Μs , and use the experimental data for supercon-
ducting and magnetic material (Μs = 0.4 Τ and μ0Η ι = 0.04 T), it is possible
to show that even a very small concentration of magnetic particles with volume
concentration φ > 0.0074 (it corresponds to 0.9% mass concentration) is enough
for influence of the Meissner and shielding effects. From Figs. 3 and 4 we can see
that from demagnetized samples the measured values of shielding and Meissner
effect for concentration smaller than 0.9% correspond to calculated values taken
from linear combination of signals of pure magnetite and superconducting ma-
terial. For higher concentrations we observed deviations from calculated values.
For magnetized samples internal magnetic field created by magnetite obviously
influences superconducting state of superconductor. It means that this magnetic
field may penetrate into the body of superconducting material and subsequently
change the superconducting properties. We conclude that detailed consideration
including distribution of internal magnetic field is needed for the explanation of
the experimental results. This will be the subject of our future work.

Acknowledgment

This work was supported by the Slovak Academy of Sciences within the
framework of grants No. 4001, No. 5139, and technically supported by VSZ Ocel
s.r.o., Κο ice.

References

[1] P. Kopcansky,'J. Koνac, I. Sargánkoνa, M. Κoneracká., V. Z^νiśονa, D. Horváth,
V. Sνidrοn, T. Tima, Acta Physica Slovaca 46, 207 (1996).

[2] R.B. Flippen, Solid State Commun. 81, 105 (1992).
[3] N. Hudákον , V. Plechacek, P. Dordor, K. Flachbart, K. Kniźek, J. Κονac,

M. Reiffers, Supercond. Sci. Technol. 8, 324 (1995).
[4] M.W. Klein, C. Held, E. Zuroff, Phys. Rev. B 13, 3576 (1976).


