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Influence of Ti-Doping on Y257 Superconductor
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Abstract

The bulk of Y257 doped with Ti was synthesized by solid state reaction. The formula of the
Y257 are Y;BasCu;TixO15—X, which x = 0, 0.05, 0.10, 0.15, 0.20, 0.25 mol. Critical temperatures were
measured by using a standard four-probes technique. The surface and element analysis employed used
the EDX mapping method. Thermal analysis was characterized by Differential Thermal Analysis
(DTA). The maximum critical temperature value increased at a Ti concentration of 0.20 mol. The
surface of the samples has a Ti composite. The surfaces were smooth, denser and homogenous. The
peritectic temperature of the Ti-doped samples was lower than the pure samples.
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Introduction

Since the discovery of the high-temperature
superconductors in ceramic superconducting
material, researchers have attempted to improve
this material for commercialism [1]. The main
properties that have been improved are critical
temperature (T¢) [2]. Critical current density (Jc)
[3] Critical magnetic field (Hc) [4]. However, the
weak link problem in this material makes the
commercial application difficult. Several years after
the discovery of the Y123 [5] superconductors,
many groups of Yttrium compound superconductors
were found [6 — 9]. Their critical temperature
increase depended on the oxygen content
concentrations in the crystal structure [10].
Recently, new Y358 superconductors witha
critical temperature of 102 K, the highest critical
temperature was found [11]. In 2010, a new
Y-based superconductor was reported by
Udomsamutirun et al [12]. The new superconductor
was synthesized under the assumption that, the
numbers of Y atoms plus Ba atoms equals to Cu
atoms. The offset critical temperature (Tc¢ offset)
range from 88 K to 94 K and onset critical
temperature range from 90 K to 92 K were
reported. Their critical temperature remains in
critical temperature of Y123. After that, in 2013,
Kruaehong [13] synthesized Y-based superconductors
having two atoms of Yttruim, Y257(Y-BasCu7O15-x).

The temperature of calcinations and sintering was
at 950 °C. The critical temperature (T.) was
measured by the four-probes method and showed a
critical temperature over 90 K. The higher
sintering temperature remains porosity on surface
of the samples. So, the method solved the
inhomogeneous and porosity in the samples. In
2014, Sahoo and Behera [14] studied the influence
of Ti doping on structural and superconducting
properties of YBa,CuzO-, with concentration of
0%, 0.01%, 0.02%, 0.04%, 0.05% and 0.07%,
respectively. The samples were prepared by the
solid state reaction method. The calcined and
sintered were at 927 °C with annealed temperature
at 450 °C. The Ti-doping did not improve the
weak-link surface, the superconducting grains and
the critical temperature. The a and b lattice
parameter did not change, but ¢ lattice parameter
increased following Ti-doping concentration. The
grain sized of pure samples more doped samples.
For 0.05% Ti-doping, the grain size decrease was
important.

In this paper, we reported the properties of
Y257 doped Ti with various concentrations.
Improvement of physical properties of Y257
superconductors was expected. The samples were
synthesized by solid state reaction and investigated
the transition critical temperature, morphology
surface, elemental analysis and peritectic
temperature.
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Materials and Methods

Samples of Y257(Y:BasCusTixO1sx) Were
added with various concentrations of titanium
were x= 0, 0.05, 0.10, 0.15, 0.20, 0.25 mol of
titanium. Starting materials were Y>03;, BaCOs,
CuO and TiO; with the ratio appropriate amount
of high-purity powder and prepared by solid state
reaction method. The mixed powder was calcined
twice in a box furnace at 950 °C for 24 hrs. The
resulting powder was reground. The fine powder
was pressed into pellets with a diameter of 30
mm and 3 mm in thickness and sintered at 950 °C
for 24 hrs. Temperature was decreased in the
furnace for annealing at 500 °C for 12 hrs. in air
environment. Transition critical temperature was
measured by using the standard four-probes
technique. Simultaneous results of the surface
morphology and elementary distribution were
investigated by using Energy Dispersive X-ray
spectroscopy (EDX, Quanta 400) with the
mapping technique. The peritectic temperature
was investigated, showing temperatures between
940 °C — 1,200 °C with increment temperature of
2 °C min~! by DTA measurement (DTA7 Perkin
Elmer).

Results and Discussion

The bulk samples of Y257 and Ti
composite were investigated for transition critical
temperature using the conventional four-probe
method. The temperature measurement interval
was between 77 K — 120 K and simultaneous
inject the current density of 2.55 x 10° Am=2
Te onset (K) and T¢ oftset (K) can be read from the
curve between resistivity and temperature as
shown in Fig.1. The T¢ onset (K) is defined as it
intersects with the tangent of the part where
resistance dropped abruptly, and T oftset (K) is
defined as the temperature at which the electrical
resistance reached zero. The obvious effect of the
Ti-doped on Y257 superconductor was found.
The T offser and Tc onset, iNCreased with increasing
titanium content. The maximum of both T. (K)
occurred in Y257 + 0.20Ti as 94.99 K and
97.37 K, respectively. At Ti concentration of 0.25
mol, both T values were the lowest critical
temperature of all samples. Thus, The Ti-doping
was limited. The Ti-doping concentration about
0.20 mol can improve the critical temperature.
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Fig. 1 Shown the resistivity versus temperature of
Y257 and Y257 + Ti superconductors.

Table 1The critical temperature of our samples.

Sample Te offset(K) Te onset( K)
Y257 89.92 94.99
Y257 + 0.05Ti 90.55 95.87
Y257 + 0.10Ti 92.37 96.81
Y257 + 0.15Ti 93.03 96.95
Y257 + 0.20Ti 94.99 97.37
Y257 + 0.25Ti 89.64 94.08

The EDX (Energy Dispersive X-ray Spectroscopy)
mapping was used as a technique to measure the
simultaneous of surface and elementary analysis and
attached SEM (Scanning Electron Microscope). The
micrographs of EDX are shown in the Fig. 2. The
mapping method was considered area of point of the
surface. The mapping results showed the
simultaneous of the surface and elementary apparent
at the considered area. Moreover, indicated the
characteristic X-ray of each element and final self of
electron transition. The results revealed that, the
surface of pure Y257 was inhomogeneous and
porous. The Ti-doped samples had higher density
and lower porosity than the pure sample. The best
sample with smooth surfaces and density occurred
in Y257 + 0.20Ti. The pure and Ti doped sample
consist of Y, Ba, Cu and O elements and Ti,
respectively. The final transition of the characteristic
X-ray can be classified in two groups. The Ly
belong to Y and Ba and K, belong to Cu, O and Ti.
The elementary distribution is shown in different
colors. The maximum distribution of element were
Y and O elements as shown in pink color and green
color without impurity.
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Fig. 2 The surface morphology Y257 and Y257 doped Ti superconductor.
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The thermal properties of samples were
measured by Differential Thermal Analysis
(DTA) interval temperature of 941 °C — 1,200 °C
with increasing heating rate of 2 °C min. The
heat reaction showed the endothermic reaction.
The determined peritectic temperature value was
about that for the temperature of the sintering
temperature. The synthesized sample above
peritectic temperature can be the sample
transform to from solid to liquid phase. The
superconducting compound changed to a more
non-superconducting compound. The peritectic
temperature of Y257 and Ti doped are shown in
the Table 2. The peritectic temperature was
decreased with increasing the content of Ti
additives. The pure sample showed the highest
the peritectic temperature. The maximum Ti-
doped showed the lowest peritectic temperature.
The peritectic temperature of Y257 + 0.25Ti were
close to the sintering temperature process. The
more Ti-doped peritectic, the lower the
temperature of all the samples. This benefit of the
lower peritectic temperature can be applied for
synthesizing thin film superconducting material.

Table 2 The peritectic temperature of Y257 and
Y257 + Ti samples.

Sample Peritectic
Temperature (°C)
Y257 976.73
Y257 + 0.05Ti 973.73
Y257 + 0.10Ti 970.12
Y257 + 0.15Ti 960.03
Y257 + 0.20Ti 957.12
Y257 + 0.25Ti 955.37

There are many approaches that can improve
the physical properties of Y-based superconductors
with Ti doping. One of the methods used to
synthesize is the melt textured process. In 2002,
Yanmaz et al [15]. Synthesize Y123 by the melt
process with Ti doped in the range of 0 — 10 wt.%.
The samples were calcined at 938 °C for 24 hrs.
and melt at 1025 °C for 1 hrs. The Ti doped
interval 1% to 5% decreased the critical
temperature, and 7 — 10 wt.% increased the critical
temperature. Thus, in order to improve physical
properties of  Ti-doped samples, many
concentrations of Ti are required.

Conclusion

The bulk of Y257 and Ti composite were
synthesized by solid state reaction. The formula
of doped Ti as are Y;BasCu;TixO1s-x which x=0,
0.05, 0.10, 0.15, 0.20, 0.25 mol. The physical

properties of the samples was investigated. The
critical temperatures were measured using the
standard four-probe technique. The surface and
element analysis were employed by using the
EDX mapping method. The thermal analysis was
characterized form Differential Thermal Analysis
(DTA). The critical temperature value increased
with Ti concentration. However, the Ti-doped
improvement was limited. The maximum critical
temperature value occurred at 0.20 mol. At Ti
concentration at 0.25 mol, the critical temperature
was lower than pure sample. The Ti-doped on
Y257 can improve the surface which are smooth
and denser. Mostly the samples of Ti-doped
provided homogenous surface. Finally, the
peritectic temperature of Ti-doped was lower
than pure samples and close to the sintering
temperature.
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