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Abstract. This paper presents the results of investigatioha cstate-of-the art high-
temperature ceramic superconducting tape of th&2850 series. The study focuses on the
current and voltage characteristics, examinatiothef microstructure and analysis of the
chemical composition in superconducting tapes ef 3l series. In order to measure the
current parameters, a measuring system was desigriedestigate sections of the tapes at
the temperature of liquid nitrogen. The systemds/gred with a direct current of parame-
ters | = 0+580 A and U = 0+8 V. Measurements ofdfiical current were taken by means
of determination of the decline in voltage along theasurement section for the tape with
an accuracy of 1nV. Analysis of the chemical conitims was carried out by using a scan-
ning microscope which features a chemical compmsitnicroanalyser EDX. The paper
presents microscopic images which are a resulhefexamination of the structures by
means of a light microscope and scanning microscépe method of preparation of the
superconducting tapes for soldering and the methedselecting of solder were also pre-
sented.

Introduction

Superconductivity means a state of matter wherparsonducting material, be-
low critical temperaturél conducts electricity at zero resistance. Restgtiat
room temperature (20°C) amounts to, respectivelynfetals: Ag 1.62 I8 Qm,
for semiconductors e.g. n-type silicon: 8.10* Qm, for insulators e.g. glass:
10"%+10" Qm [1, 2].

For some materials, the transition into a superaotigg state is possible at
higher pressures. Superconductors include a vaofethemical elements, chemi-
cal compounds, metal alloys, ceramics or organimpmunds. Superconducting
properties at low temperatures are demonstrategldoycarbon in the form of car-
bon nanotubes or doped fullerenes [3].

The pioneer in the domain of superconductivity Waske Kamerlingh-Onnes,
who was the first to obtain liquid helium. This &kéhrough lead to the discovery
of the relationships between the electrical curiembetals and temperature.

While testing the purest from the then availabednts i.e. mercury, he found
that instead of a smooth decline in electricalstesice with a reduction in tempera-



238 K. Szota, J.gHryka, M. Nabialek, M. Szota

ture, at a temperature of ca. 4 K, resistance kapieicreases to zero and, below
this temperature, mercury does not show electrasistance [4].

Apart from zero resistance, type-l superconductong a magnetic field from
their interior (Meissner effect), whereas in typstperconductors, in the magnetic
fields within the range of <B¢Bc,>, the magnetic field penetrates the supercon-
ductor and the occurrence of a mixed state is gbdeFor a magnetic field higher
than Bg, superconductivity is destroyed.

Scientists worldwide have investigated a varietydiffierent materials, search-
ing for superconductors with even better functiopatameters such as: critical
current g, critical field H: or critical temperatured[5]. A record critical tempera-
ture of 254 K was observed for the superconducidBe)BaCaCu;013.. The
most recognized superconducting materials includeeixonductors based on
Bi - Bi,S,CaCuyOy (BSCCO) with a E of ca. 110 K, and YB&u;0O; (YBCO)
with a Tc of ca. 90 K [3]. They are used for the mass martufing of a variety of
elements, e.g. rings, tapes and pipes with comfmpabperties [4, 6-8].

Until 2006, it had been assumed that cupric comgsusre the only high-
temperature superconductors. In 2006, Hideo Hostiscovered the first com-
pound which created the second type of high-teniperasuperconductors:
Fe-pnictides. These materials typically undergocstrral transitions [9-13].

1. Resear ch methods and material

The investigations were carried out for high-terapete superconducting tape
2G HTSC (2“ Generation High Temperature Superconductors) & SR 12050
series (SF means superconductors with iron takimgip the appearance of super-
conducting phases, whereas 12050 means width wini2nd thickness of 0.5 mm).
The tapes are delivered with the manufacturer’'sifipations, which contain in-
formation about the following parameters: criticakrent } at the temperature of
liquid nitrogen (77 K, in a uniform field), minimadalue 240 A £10%, tape width
12 mm, tape thickness 0.055 mm, thickness of siteating 2um +0.5um, base
material: alloy of Ni and Mo and alloying elementsmmercially sold as Hastel-
loy, base material magnetic properties: non-magnedsistivity of the base materi-
al: 125uQcm. Commercial sections of the tape are up to 1900ng. In order to
carry out the investigations, a 10-metre long tsgxion was purchased.

A measurement system was developed in order tondiete the values of criti-
cal currents. Exceeding critical current causeshterial to switch back from the
superconductivity state to a normal state. Theesystllows for long-term loading
of the tape with a current exceeding critical lsy&hich leads to the destruction of
superconducting materials. Further investigations attempt to characterize the
mechanism of destroying HTSC. The current circuitsveomposed of a three-
-phase current supply with a maximal direct outputrent intensity of 580 A
(current accuracy reaching 0.5 A) and output vetaghin the range of 0+8 V.

For the empirical current-voltage characteristit® best mathematical func-
tions describing them were determined.
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The voltage measurement circuit was equipped withrg sensitive digital na-
novoltmeter manufactured by Keithley Instruments MWith a measurement accu-
racy of 1 nV. The current-based investigationsugfesconducting tapes were per-
formed at the temperature of liquid nitrogen imgostat. In order to solder clamps
and terminals, a mixture of fusible tin, Wood's ogll (with melting point of
66+72°C), rosin and flux was used. The solderimgperature was approximately
100°C.

2. Results and discussion

One of the most important parameters which chatiaetenaterials that demon-
strate superconducting properties is critical qurte Exceeding the critical value
of current causes the return of a superconductatstoormal state although the
temperature in the circuit is maintained within tfage of superconductivity.
If a current exceeding the value of Ic passes tirdhe circuit for a certain time,
permanent damage to the superconducting tape ocEigsre 1 presents the
current-voltage characteristic for superconductiayge of the second generation,
SF 12050 series.
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Fig. 1. Current-voltage characteristics for supedeting tape of SF 12050 series de-
termined at temperature of liquid nitrogen

The current-voltage characteristics for the SF12@4fes are described as
a function of y = y + A; exp (x/t), where A = 3.596010°%, y, = -9.1261310™*
and t = 3.21438.

In order to compare the differences which occuthm current-voltage charac-
teristics and critical current,Ithe current-voltage characteristics were detegthin
for two additionally selected tapes in differingtimeir chemical composition and
structure. Tapes SF 12050 and SF 4050 differingidth (SF 12050: 12 mm; SF
4050: 4 mm). A bismuth high-temperature supercotidgdape was also the sub-
ject of investigations: it was marked as Bi2223 (B®; BiL,S»LCaCuyO,) and dif-
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fered in its structure and composition. The curaitage characteristics for the
bismuth tapes were prepared in the Institute of O@mperatures and Structural
Research at the Polish Academy of Science in WigdRoland, whereas for the
tapes of the SF 4050 and SF 12050 series, theatbastics were prepared in the
Faculty of Materials Processing Technology and Agupl Physics at the

Czestochowa University of Technology.

As results from the characteristics presented guifgis 2 and 3, the highest cri-
tical current of ¢ = 272 A among the investigated tapes can be obddorethe
tape of the SF 12050 series. The critical curréartthe bismuth tape and SF 4050
tape were similar and amounted to nearly 120 A.

The current-voltage characteristics for the SF4Ggfes were described as
a function of y = Aexp (B x), where A=1.98360° and B = 0.15219.
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Fig. 2. Current and voltage characteristic for sapeducting tape of
SF 4050 series at temperature of liquid nitrogen
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Fig. 3. Current and voltage characteristic for sapeducting tape of YBCO Superpower
at temperature of liquid nitrogen
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The current-voltage characteristics for the YBC{pes were described as
a function of y = A exp (B x), where A = 1.203710"° and B = 0.437109.
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Fig. 4. Current and voltage characteristic for hifmsuperconducting tape Bi2223-
LIW2170B at temperature of liquid nitrogen

The current-voltage characteristics for the Bi2aapes were described as
a function of y = A exp (B x), where A=4.7940°and B = 0.11784.

In Figures 3 and 4 the current-voltage charactesisif the chosen high temper-
ature superconductors was presented. These detglrolmaracteristics show the
differences between the values of the critical entr

Conclusions

— Chemical composition and structure of high-tempeesasuperconducting tapes
considerably affect critical currerd. IMeasurement for critical current for tape
of SF12050 series amounted to 272 A, whereas #higevfor bismuth tape was
ca. 120 A.

— Tape width considerably affects critical curreniues. The studied tapes
SF12050 and SF 4050 show the same chemical congpobiit they differ in
width. The difference in critical currents is cadesiable, but it is not directly
proportional to tape width. For SF 12050 tagerhounts to 272 A, whereas in
the case of tape SF 4050, the levelofvas 120 A.

— Knowing current-voltage characteristics of high-perature tapes will allow
for application of suitable current load which does exceed the value of criti-
cal current.
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