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Abstract. Composite samples consisting of YBCO superconductor and low-density 
polyethylene have been prepared. The standard resistance four-point method and contactless 
induction method based on Meissner-Ochsenfeld effect were used for characterizing 
transition properties, e.g. critical temperature of sintered YBCO precursor and composite 
samples, respectively. In all composite samples, no decrease of the critical temperature of 
YBCO precursor filler was observed. 
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1. Introduction 

It has been more than twenty years since a new class of high temperature superconductors, 
HTS, has been discovered in ceramic materials containing Cu-O2 layers. Today, many 
interesting future industrial applications are already being laboratory prepared and tested, 
such as superconducting conductors, motors, and generators with high power and torque at 
smaller dimensions, superconducting fault-current limiters, superconducting magnets, 
superconducting energy storage systems (rotation, magnetic), superconducting levitation 
transportations, bearings, etc. [1-3]. On the other side, HTS show poor mechanic properties as 
low fracture toughness and high brittleness as well as chemical instability under ambient 
conditions, generally. So, more different routes as to improve the properties are being found. 
One of them is using polymers. Composites, where a superconductor serves as a filler of 
polymer matrix, represent more frequently studied compositions. The YBa2Cu3Oy (YBCO) 
superconductor is the most frequently used superconducting filler in the superconductor-
polymer (S-P) composites [4-6]. This is a result of its relatively good phase stability and good 
control of processing conditions. In addition, many different polymer agents were studied in 
S-P composites, e.g., PVC, PVB, PVA, PA, PPS, epoxy resins, etc., [7-9]. However, with 
respect to the preservation of superconducting properties of the S-P composites, it is 
important to use polymer agents or components with relatively low processing temperature, 
e.g., melting, curing, and decomposition temperatures. 

In this paper, we present the preparation and properties of a composite superconducting 
material containing YBa2Cu3Oy and low-density polyethylene using the solid-state reaction 
method of syntheses of YBCO precursor and contactless induction method of measurement of 
superconducting properties of composites. The induction method is more suitable for the 
composites that consist of electrically insulated superconducting grains. 
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2. Subject and Methods 

Superconducting precursors with the nominal composition YBa2Cu3O7-δ have been prepared 
by the standard solid-state reaction method from Y2O3, CuO oxides and BaCO3. The powder 
mixture in appropriate weight amounts has been homogenized in an agate mortar and calcined 
in air at 915 °C for 24 h. The obtained precursors have again been homogenized in the agate 
mortar, pressed into pellets (with the diameter of 12 mm) under the pressure of 200 MPa and 
sintered in flowing oxygen (10 ml/min) at 1007 °C for 24 h; then cooled to 520 °C and held at 
this temperature for 24 h, and thereafter cooled in a furnace to the room temperature. As 
polymer matrix, we used the low density polyethylene Bralen RA 2-19 product of Slovnaft 
Petrochemicals, Ltd., Bratislava, Slovakia. (MFI = 1.7 g/10 min., density = 0.916 g cm-3, 
particle size < 50 µm, specific enthalpy of melting = 109.8 J g-1, melting temperature = 107 
°C). The superconducting and PE powder precursors have been homogenized in an agate 
mortar and the mix of powders was used to obtain (1-x) wt. % YBa2Cu3O7-δ +x wt. % PE 
composite samples, by hot pressing at temperature 130 °C under the pressure of 3 MPa for 3 
minute. The samples in the form of the pellets of the diameter of about 12 mm and of the 
thickness of 1 mm had mass from 0.13 to 0.34g depending on the content of superconductor. 
The content of YBCO in composite changed from 30 to 85 % of the sample weight. 

The critical temperature Tc(R=0) of the precursor YBCO samples was determined by the 
standard resistance four-point method and the transition width ∆Tc was characterized by the 
10-90 % criterion. Another contactless electromagnetic induction method based on Meissner 
effect was used for the measurement of transition properties of the S-P composite samples. 
The method using a change of the mutual inductance of two coils separated by a sample is 
based on the Meissner-Ochsenfeld effect - exclusion of the magnetic field from the interior of 
superconductor resulting in changes of induced voltage (U1) in the secondary coil [10]. AC 
volume and mass magnetization (M and Mm) characteristics were measured in detail by a 
compensation method using the second-order SQUID gradiometer [11]. All magnetization 
characteristics were measured at 77.3 K after the zero-field cooling in applied magnetization 
field Ha with the frequency of 0.1 Hz and amplitude ranging from 10-1 to 105 Am-1. Ha was 
parallel to the axis of the sample. The superconducting precursor for the composite was 
prepared by powdering of the YBa2Cu3O7-δ sintered samples. 

3. Results 

Typical dependence of the electrical resistance (R) vs. temperature (T) of a precursor sintered 
sample before powdering in the range of transition into the superconducting state is in Fig.1. 

 
Fig. 1. R vs. T dependence of the YBa2Cu3O7-δ 
precursor sintered sample before powdering. 

 
Fig.2. U*1 vs. T dependence of YBCO-PE composite 
sample with 60 wt. % of YBCO powder at frequency of 
1008 Hz near the transition into the superconducting 
state. 
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From measured data, values of the critical temperature Tc(R=0) ~ 91 K and the transition 
width ∆Tc ~ 1.3 K can be determined. 

The dependence of the induced voltage U*1 vs. T of composite sample with 60 wt.% of 
YBCO powder is shown in Fig. 2. The symbol * denotes that an effect of background (a 
sample-free probe) was subtracted from measured data. The characteristic temperature Tcon 
determined from the onset of a diamagnetic behaviour (decrease in the induced voltage U*1) 
is usually used as critical temperature in case of induction method. So, Tcon is about 91 K for 
all composite samples. 

The volume magnetization M versus applied field Ha dependences of YBa2Cu3O7+δ 
precursor sample before powdering and composite sample consisting of 85 wt. % 
YBa2Cu3O7+δ and 15 wt. % polyethylene powders for the low amplitude of Ha are in Fig.3. 

 

The difference between sample magnetization curves can be ascribed to inter-grain junctions 
and to different YBCO content. The magnetization peak nearly at zero field of YBCO 
precursor sample before powdering results from intergrain junctions, whereas the composite 
samples show no peak. From this, it could be inferred that superconducting grains in the 
composite sample are not significantly electrically connected. The rate of grain junction 
magnetization contribution of the samples can be inferred from Fig. 4, where the mass 

magnetization Mm vs. Ha dependences of 
the samples are shown. Nevertheless, 
different sizes or morphology of grains in 
the two samples could also play some role. 

Mass magnetization Mm vs. applied field 
Ha composite samples with 30, 40, 60, 75, 
and 85 wt. % of YBCO are illustrated in 
Fig. 5. It can be seen that the graphs are 
nearly the same. 
Fig. 5. Mm vs Ha dependences of composite 
YBa2Cu3O7+δ superconductor-polyethylene 
samples with 30, 50, 80, and 85 wt. % content of 
YBCO. 

Fig. 3. M vs. Ha dependences of YBa2Cu3O7+δ 
precursor sample before powdering (○) and composite 
sample consisting of 85 wt. % YBa2Cu3O7+δ and 15 
wt. % polyethylene powders (●). 

Fig. 4. Mm vs. Ha dependences of YBa2Cu3O7+δ 
precursor sample before powdering (○) and composite 
sample consisting of 85 wt. % YBa2Cu3O7+δ and 15 
wt. % polyethylene powders (●). 
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4. Conclusions 

We developed a technique of the preparation of a composite material consisting of ceramic 
high temperature superconductor YBCO and the low-density polyethylene. All the prepared 
composite samples show superconducting properties with critical temperature about 91 K. 
Based on results of detailed magnetization and inductive measurements, it can be inferred that 
the presented technique of the preparation has no degradation effect on basic superconducting 
properties. Moreover, the superconducting intergrain junctions effects have not been observed 
for composite samples, even for the sample with the highest YBCO content. Magnetization 
measurements suggest possible applications of the composites materials, such as electro-
magnetic shielding, or protection of superconductors against moisture or chemical agents. In 
addition, to conserve superconducting properties of YBa2Cu3O7-δ ceramics, no antioxidant 
organic compound has to be added in the initial mixture of superconductor and PE. 
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