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Abstract: The effects of nano-Y,03 addition on the structural, superconducting, magnetic and
mechanical properties of Bi-2223 superconducting system were investigated in this study. Bulk
polycrystalline samples with general formula of Bi1gPbo4Sr.Ca;CusOiois + (Y203) with ( X;
weighted % 0.0-0.2-0.4-0.8-1.0) were prepared by solid state reaction method. X-ray diffraction
(XRD), Scanning Electron microscope (SEM), Energy dispersive X-ray spectroscopy (EDX)
measurement, Vibrating sample measurement (VSM), Resistance- temperature (p-T)
measurement and Vickers microhardness measurement (VHM) were also used for samples
structural characterizations. XRD patterns showed that both Bi -2223 and Bi-2212 phases are
coexist in the samples. While a lattice parameter increased, c lattice parameter decreased with
increasing nano- Y05 addition. In SEM photographs, it is seen that granular structure is plate-
like in all samples. The presence of point particles on the layered particles has been seen more
clearly with increasing Y,Os addition. Hole concentration values that calculated from p-T
measurement, ranges from 0.113 to 0.160. While amount of Y203 addition increased, critical
transition temperatures decreased. VSM results showed that critical current density values
increase with Y203 addition. VHM results showed that the hardness value increased until x=
0.4% additive sample and decreased after this value.

Nano-Y203 Katkilh Bizmut Esash Siiperiletken Malzemelerin Manyetik ve Mekanik

Ozelliklerinin incelenmesi

Anahtar Kelimeler
nano- Y203,
BSSCO,

Kritik Akim
Yogunlugu,

Delik
konsantrasyon,
Mikrosertlik

Oz: Bu ¢alismada nano-Y0j3 ilavesinin Bi-2223 siiperiletken sisteminin yapisal, siiperiletken,
manyetik ve mekanik 6zellikleri {izerindeki etkileri aragtirtlmigtir. Bil.8Pb0.4Sr2Ca 2Cu3010 +
5 + (Y203) ile ( x; agirlik¢a % 0,0-0,2-0,4-0,8-1,0) genel formiiliine sahip polikristal 6rnekler
katihal reaksiyon yontemiyle hazirlandi. Orneklerin yapisal karakterizasyonlari igin X-1s1n1
kirinimi (XRD), Taramali Elektron mikroskobu (SEM), Enerji dagilimli X-1s1m1 spektroskopisi
(EDX) 6l¢iimii, Titresimli numune 6l¢timii (VSM), Direng-sicaklik (p-T) 6l¢timii ve Vickers
mikrosertlik 6l¢iimii (VHM) yapilmigtir. XRD desenleri, 6rneklerde hem Bi -2223 hem de Bi-
2212 fazlarimin bir arada bulundugunu gosterdi. Nano-Y ilavesinin artmasiyla a Orgil
parametresi artarken, ¢ Orgii parametresi azalmistir. SEM fotograflarinda tiim 6rneklerde tanecik
yapisinin plaka benzeri oldugu goriilmekte ve katki miktarindaki artmasiyla tabakali yapi
iizerinde nokta seklinde partikiillerin varligit daha net goriilmektedir. p-T Olgiimiinden
hesaplanan delik konsantrasyonu degerleri 0,113 ile 0,160 arasinda degigmektedir. Nano-Y
miktar artarken kritik gecis sicakliklar1 azalmistir. VSM sonuglar1 Nano-Y eklenmesiyle kritik
akim yogunlugu degerlerinin arttigin1 gostermektedir. VHM sonuglari, sertlik degerinin x= %
0,4 katkili 6rnege kadar arttigini ve bu degerden sonra azaldigini gostermistir.
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1. INTRODUCTION

Superconducting materials are sometimes used as high-
field magnets to store large amounts of energy.
Therefore, superconductivity must persist up to high
magnetic fields. High temperature superconductors have
two critical field values: the lower critical (Hc1) and the
upper critical magnetic (Hc) field. When applied
magnetic field (H) intensity is Hca<H<Hc,, the magnetic
field penetrates the superconductor and the
superconductivity state is destroyed locally around a
vortex [1]. Therefore, the superconducting state and the
normal state coexist (mixed state). If the superconductor
in the mixed state carries a carrying current, the electrons
in the flux lines are exposed to the electromotive force
depending on the direction of the magnetic field and the
current. Electrons moving under the influence of this
force cause ohmic losses. It is possible to eliminate these
losses by preventing movement of the flux lines. Flux
fixation is provided by various defects in the samples,
such as impurities, dislocations, normal precipitates,
voids, and grain boundaries. These impurities and
defects are called needling centers. In this way,
superconducting  materials can  maintain  their
superconductivity even at higher magnetic field values.

The critical current density J. can be increased by the
formation of artificial active needling centers as they can
prevent the movement of flux lines causing flux shift.
Since dimensions of nano-sized particles are closer to the
coherent length in relation to the characteristic Cooper
pair size, nano doping in Type Il superconductors can
create stronger needling force in magnetic flux
stabilization. The addition of nanoparticles to Bi-2223
superconducting phase plays an important role in flux
stabilization and increasing critical current density [2].
Flux stabilization is due to nanoparticles being trapped
inside the superconducting grains and producing crystal
defects within superconducting particles by creating
secondary phase defects [3]. For this reason, many
studies have been carried out in the literature on the
incorporation of different nano-sized elements into the
BSCCO system. It is seen that some nanodopings, such
as nano-Au [4], nano-Ag [5], nano-PbO-CdO composite
[6], nano-ZrO, [7] and nano-Sn [8], improve the
transport and superconduting properties of the system.
The powders in the chemical composition of BiSrCaCuO
(BSCCOQ), a Type Il superconductor, have low toxicity.
The high thermodynamic stability of the components of
this material enables formation of high critical
temperature (T¢) phases more easily [4]. Because of
these properties, they are useful materials in terms of
technological applications in order to increase cost
efficiency in electricity consumption and to provide
lossless  power transfer. By improving the
superconductivity, magnetic and mechanical properties
of the system, it will increase the possibilities of use in
industrial and medical applications.

In literature, it is seen that studies have been carried out
on the improvement of the superconductivity and
mechanical properties of Bi-2223 superconducting
materials with micro-scale Y,03 doping. In these
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studies, it is seen that the system improves the
superconductivity and mechanical properties [9-12].
Suazlina et al. [13], reported the effects of Y,0s; nano
particle addition in Bi-2212 superconductors. It was
found that critical temperature and critical current
density increased up to x=0.7 wt%. Again, in a study
conducted by Oboudi in 2016 [14], nano Y203 was
added to  BiygPbosSr.CazCuzO1+y  Superconductor
samples with different weight percentages. As the
additive ratio increased, the current density increased by
200% and superconductivity transition temperature
increased by 3%. In both studies, it is seen that both
critical temperature and critical current density values of
BSCCO system with Y,Os addittion increased. In our
study, it is aimed to synthesize BiygPbo.3Sr.CaxCusOy
superconducting ceramics by doping nano-Y:0s; with
different weight percentages in order to improve the
magnetic and mechanical properties of the obtained
samples.

2. MATERIAL AND METHOD

Bi1gPbo3Sr.Ca,CusOy superconducting samples were
synthesized using a solid state reaction method. In the
first step of the synthesis process, Y203 nanoparticles
were added by small weight percentages (x=0.2, 0.4, 0.6,
0.8, and 1.0 wt %). Stoichiometric amounts of starting
high-purity (>99.99%) Bi,Os, PbO, SrCO3, CaCOs, CuO
(15-45 nm) and nanosized Y»0s; (18-38 nm) powders
were thoroughly mixed. Figure 1 has been given a
schematic representation of the experimental process.

Weighting and grinding of powders

The powders were calcined at 820 °C for 24 h.

[ The powders have been pressed into pellets with ]
diameter of 13 mm and thickness of 3 mm under
7 ton

The samples have been sintered in air at 845 °C
for 120 h

The samples are referred as YO (x=% 0.0), Y2
(x=%0.2), Y4 (x=% 0.4), Y8 (x=% 0,8), and Y10
(x=% 1,0).

Figure 1. Experimental Procedure

The lattice parameters, the phase purity, crystal structure
and grain size of samples were obtained from XRD.
Phase analysis of the samples was determined with the
help of X-PowderX program. The grain structure and
surface morphology of the samples were examined with
10000x magnification by scanning electron microscope
(SEM) photographs. Energy-dispersive spectrometry
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(EDS) was applied for the elemental analysis of the
samples. Magnetization curves of the samples depending
on the magnetic field strength were taken with Vibrating
Sample Magnetometer (VSM) measurements. Critical
current density calculations of samples were made with
the data obtained from the M-H curves and Bean Model
[15]. Microhardness measurements of the samples were
made with the Mitutoyo digital microhardness tester of
the HM-200 series.

3. RESULTS

The phase purity, the lattice parameters and crystal
structure of samples were obtained from XRD patterns.
XRD scans were made with CuK, radiation between 3°
to 70°. The wavelength used is 41=0.15406 nm. X-ray
patterns of nano-Y,O3 addition samples are shown in
Figure 2. In the XRD patterns, The peaks of Bi-2223
phase are labeled with open circle, the peaks of the Bi-
2212 phase are labeled with filled circle, and the peaks
of the Ca;PbO,4 phase are labeled with filled diamond.
XRD patterns showed that the majority phase consisted
of Bi-2223 and Bi-2212 phases in all samples [16].
Impurity phase Ca,PbOs, which is accelerating the
formation of the Bi-2223 phase, was observed at very
low peak intensity at 26=17.80° in all samples except YO
and Y2 samples [17]. No peaks of Y,03; nanoparticles
were found in the XRD model. This result showed that
nano-Y»0; addition did not enter the crystal structure.
This may be due to the very small amount of additives
made. The volume fraction and the lattice parameters of
the samples are listed in Table 1.

Table 1. Lattice parameters and volume fraction of BiygPhosSr,Ca
2CU30;0+5+ (Y203) samples

Nano [a(A) |b@A) |c(A) Volume
Y203 Fraction
(Bi-2223/Bi-
2212)
YO 5.339 | 5.3995 | 37.0740 | 66.11/33.89
Y2 5.3488 | 5.3858 | 36.9768 | 63.92/36.08
Y4 5.3450 | 5.4081 | 36.8568 | 63.04/36.96
Y8 5.3488 | 5.3642 | 36.7716 | 59.02/40.98
Y10 5.3412 | 5.3764 | 36.7596 | 58.68/41.31
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Figure 2. X-ray diffractometers at room temperature for the
Bi1,3Pbo_4SrzCa zCU30]0+ st (YzO3) with ( X; Welghted % 0.0-0.2-0.4-
0.8-1.0) , open circle Bi-2223 phase, filled circle Bi-2212 phase, filled
diamond CaPbO..

The volume ratio of Bi-2223 and Bi-2212 phases was
calculated according to the equations below using the
intensities of the peaks [18]:

Y 1(2223)

Bi — [2223](%) = mxloo 1)
, _ Y1(2212)
Bi —[2212](%) = S 1@229)t 312212 x100 2

where la223 and 2212 are the intensities of the XRD peaks
for Bi-2223 and Bi-2212 phases, respectively. It was
observed that the percentage of Bi-2212 phase increases
and the percentage of Bi-2223 phase decreases with
increasing addition of nano- Y. We observed that the
decrease in the volume fraction of the Bi-2223 phase in
all doped samples was quite small [23]. These results
showed that small amounts of nano-Y,O3; addition
effectively contribute to the phase stability of BSCCO
systems. Doping material slightly affected the low T.
phase (Bi-2212) and high Tc phase (Bi-2223) ratios [19].
The cell parameters of all samples showed that the Bi-
2223 phase is dominant. According to the calculated
lattice parameters, the crystal lattice of all samples was
found to be orthorhombic.
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Figure 3. The peak shift of the strongest peaks due to the Y,03 doping.
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Figure 3 has been showed that peak shift of the strongest
peaks.Right and left shifts in the angle of the peaks are
caused by point or dislocation defects, stress and strains
that occur during the synthesis process. Defects in the
structure cause the width of the peaks to increase, while
the distortions in the lattice affect the peak positions.
Shift in peak towards right is an indication of
orthorhombic crystal formation tending the sample to
attain superconducting state. When we looked at the
positions of the peaks, we did not see that there is no
significant peak shift. Accordingly, the orthorhombic
structure continues to exist in all samples.

Table 2. Grain size, Critical current density and Critical temperature of
BiygPbo.4Sr2Ca 2CusOyo+ 5+ (Y203) samples

Nano Grain | Dislocation Jc (0) | Tc(on set)

Y205 size density & (nm-2) (Kelvin)
(nm)

YO 49.88 | 0.000401 164.15 | 105

Y2 30.51 | 0.001074 211.11 | 109

Y4 30.39 | 0.001082 232.73 | 110

Y8 53.64 | 0.000347 177.96 | 75

Y10 35.08 | 0.000812 120.88 | 90

In Table 1, it is seen that there is no change the volume
fraction of the 2223-phase in nano-Y0s; addition
samples compared to the undoped sample [14]. The
nano-Y»0s addition has been effectively added to the
phase stability of the BSCCO systems. While parameters
a and b did not change, a small decrease occurred in
parameter c in nano-Y doped samples (Figure 4).

The reason for the small change in the c lattice
parameter:

1. We think that the reason for the small change in the ¢
parameter is due to the change in the hole concentration
in the CuO planes. The doped ions may change the
spacing between CuO layers, afecting the charge transfer
to CuO layers. The hole transfer from Cu planes to Bi-O
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bonds leads to the contraction of Bi—O layers, causing a
decrease in c-axis [20].

2. The lattice distortions that manifest themselves in the
formation of the modulated structure of the bismuth high
temperature superconductors, as a rule, are attributed to
the geometric mismatch between the Bi»O, bismuth—
oxygen and CuO; copper—oxygen blocks [21].

371
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36.80 \
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Figure 4. Variation of c-lattice parameters with nano-Y additive for Bi
(Pb):2223 samples.

Grain size of the samples can be determined from XRD
patterns using Scherrer Formula which is shown in Eq.

@) [22].

KA
- Bcos(6)

@)

Here D is the mean size of grain, B is the line broadening
at half the maximum intensity (FWHM) in radians, A=
0.15406 nm is the X-ray wavelength and 4 is the Bragg
angle. K is Scherrer constant which depends on the
crystallite shape and size distribution, indices of the
diffraction line [23]. The value of the K constant, which
ranges from 0.62 to 2.08, can be affected by microstrain
in the crystal. In our study, we accepted K = 0.94 and the
calculated values of D represent estimates. The Y4
sample has the smallest particle size and Y8 has the
biggest particle size. This may be related to the grinding
step of the samples during the preparation process. The
particle sizes calculated from the XRD results and the
particle development seen from the SEM photographs
are similar.

In order to characterize the microstructure of the
samples, SEM and EDX analyzes were made and the
distribution of the elements in the structure was
examined. EDX was used to confirm their chemical
composition. SEM microscope images were taken and
their morphologies and particle sizes were examined. In
Figure 5 (a-e), it is clearly seen that the structure is in a
stratified form. This type of configuration is the general
structure of the BSCCO system. It is observed that the
layered structure continues to exist with increasing nano-
Y.0; addition. As from Y2 sample, while the layered
structure still exists, the existence of agglomeration of
small particles on the layered structures draws attention.
With the increase in the amount of additive, the presence
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of point particles on the layered particles is seen more
clearly. This result can be thought to play a role in the
formation of artificial needling centers on the samples
due to the fact that the nano-dopeds could not enter the
structure, but were trapped inside the superconductor
grains, revealing the secondary phase defects and
producing crystal defects in the superconducting
particles [24]. It is thought that the black voids that occur
in some places are considered as non-superconducting
regions and that they are formed as a result of breaking
the connections between the particles. when examined
all SEM photos, It has been seen that with increasing
nano-Y,03 addition, the voids on the surface of the
samples increase and cracks occur on the sample surface.
The SEM results are well supported by the XRD results.
In addition to the intergranular distribution of
nanoparticles, the presence of nanoparticles can be
observed in other parts of the microstructure of nano-
Y03 addition samples. A increase in grain size was
observed for Y8 and Y10 samples, which could reduce
the superconductivity properties of the BSCCO system.

Figure 5. SEM images of a YO, b Y2, ¢ Y4, d Y8, and e Y10 samples.

According to the results of EDX elemental analysis in
Figure 6 (a-e), increase in the additive ratios (%) and the
oxygen (O), Bismuth (Bi), Lead (Pb), Strontium (Sr),
Calcium (Ca) and Copper (Cu) ratios (%) values in the
samples did not change much. The EDX analysis results
showed that element percentages are mostly in the
desired composition for the prepared superconductor
samples. The amount of Y on the sample surfacehas
been increased with increasing nano-Y addition. The
analysis on sample surface made at different points
showed that Y elements in the doped samples are
homogeneously distributed throughout the material as
expected. In addition, there is no impurity formation in

Tr. J. Nature Sci. Volume 12, Issue 1, Page 153-162, 2023

the material. Based on these facts, we can clearly state
that the nano-Y,03 element is evenly distributed in the
structure.
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Figure 7. M-H graphs of YO, Y2, Y4, Y8 and Y10 samples.

The magnetic moment responses of the samples against
the external magnetic field applied to the samples were
determined by M-H measurement with the VSM method.
The obtained samples were subjected to M-H
measurement with the Lake Shore VSM device at a
temperature of 15 K, under a magnetic field between -
20000 Oe and 20000 Oe. When the M-H curves of the
samples are examined (Figure 7), a hysteristic
characteristic of diamagnetic properties of all samples is
observed. For example, the magnetization curve is
shaped as a loop, indicating presence of pinning centers
on the surface of the material. According to the applied
magnetic field, the magnetization values of the samples
are listed as Y4, Y0, Y2, Y8 and Y10 from the largest to
the smallest. No break was observed in the curves of the
samples. This means that the impurity phases present in
the structure are not evident. The magnetic values of all
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samples decreased with the applied magnetic field
exceeding 0 Oe. This situation is interpreted as the result
of the decrease in the bond between the particles as a
result of the agglomeration of the sample itself.

The magnetic field dependence of J. was calculated by
using the experimental Bean model shown in Equation

(4).

AM

a(1-35)

M value in the equation; It is the magnetization value
obtained from the M-H curves. AM [AM= (M*) —
(M7)] is the width of the magnetization curve during the
decrease and increase of the area in emu/cm®. M* and
M~ are the values of positive and negative region band
of the magnetic response of samples against the external
magnetic, respectively. The values of a and b (a < b) are
the dimensions of the rectangular cross section of the
sample perpendicular to the applied area in cm [25].

Je=20- (5)
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Figure 8. Field dependence of critical current density at 15 K for YO0,
Y2, Y4, Y8 and Y10 samples

Figure 8 showed that J. at 15 K of the samples
containing pure and various amounts of nano-sized
Y20s. It is clearly seen in the graphs that the Jc values of
the samples with granular structure decrease as the
magnetic field increases. It can be thought that the
reason for the decrease in the diamagnetic properties of
the samples is due to the weakening of the interparticle
bond [26]. In Table 2, the highest J.(0) value for
sample Y4 is 232 kA/cm?. Except for the Y10 sample,
the critical current density value of all samples is higher
than the undoped sample. Nano-Y;Os3; addition has a
positive contribution to the formation of artificial
needling centers. The change in the critical current
density depends on the formation of trapping centers in
the structure and whether the interparticle bond is intact
or not. However, since all of the samples were prepared
under the same conditions, considering that the
interparticle coupling would be similar in the samples.
This irregular change in the critical current density
values can only be explained by the increase and
decrease in the trapping centers.
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Figure 9. Resistivity temperature graph of Y0, Y2, Y4,Y8 and Y10
samples

Phase transitions that occur in superconducting materials
can be determined from the resistivity measurements
made depending on the temperature. Resistance
temperature measurements were made with DC four
probe method between 10 K and 300 K. The resistivity
temperature graph of the Bi-based superconductor
samples produced in this study is shown in Figure 9
When the resistivity graph obtained as a function of
temperature is examined, it is seen that all samples
exhibit  metallic  behavior in  regions above
superconductivity transition temperature. With the
addition of nano-Y»0s; addition in different percentages
into the system, superconducting samples exhibit
different behaviors in regions below the transition
temperature.

Teonset temperature value is that is the temperature at
which the transition from the normal phase to the
superconducting phase begins. T°fet temperature value
is the temperature value at which the superconducting
phase transition is completed (R=0). The difference
between Tconset and Teoftset temperature values is shown
with AT..

Teonset temperature value, which gives information about
the superconducting phases, was the highest in the Y2
and Y4 sample. As seen in Table 3, Tconset temperature
values of Y2 and Y4 samples decrease slightly compared
to the undoped sample. However, as the amount of
additive increases, we see that the transition temperature
to superconductivity decreases considerably. The
intergrowth of impurity phases, weak bonding and
structural  distortions  between  impurities  and
superconducting grains can result in a decrease in T onset
and T ofiset Values, as well as an additional increase in the
normal state resistivity value. Therefore, our resistivity
results showed that the superconducting state was
suppressed by increasing nano-Y.Os addition in our
system [27].
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Table 3. Teonset, Teoftset and Hole concentration values of YO0, Y2, Y4,
Y8, and Y10 samples

Teonset Te,offset AT Hole
(K) (K) (K) concentration
YO0 109.5 65 46.36 0.158
Y2 110 65 45.8 0.16
Y4 110 65 45.87 0.16
Y8 98 51 47 0.123
Y10 90 69 21 0.113

Hole concentration values (p) of the samples were
calculated by using the following equation proposed by
Persland et al [28].

p=0.16—[(1-TT "> )/82.6] * 4)
where p is the carrier density (numbers of holes ); Tc

represents the critical temperature values of the samples.
T,™** is taken as 110 K for the Bi-2223 system [29].

0.18 R »
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— \
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B %
= 0.14 \\
8 \
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b \
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© 012 R
° .
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Figure 10. Hole concentration values of undoped and nano-Y;05
added samples

Figure 10 showed that hole carrier concentration values
depending on the amount of additive. The hole
concentration value ranges from 0.113 to 0.160. Hole
concentration values of Y2 and Y4 samples are 0.16.
Hole concentration values of Y8 and Y10 samples are
0.123 and 0.113, respectively. It is seen that the carrier
density decreases after the value of nano-Y,03 addition
x=0.8 %. This result is in agreement with the XRD
results. And this result supports our prediction that the
decrease in c-parameter seen in XRD results may be due
to the decrease in hole concentration [30].

H, = 1854.4 (d—"z) (GPa) (5)
Vickers microhardness was calculated using the equation
(5) given above [31]. The applied load is F (N) and d is

the average diagonal length of the indentation
impression (um).
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Figure 13. Variation of yield strength as a function of applied load
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In Figure 11, The microhardness value increases non-
linearly with the increasing applied force. Samples
exhibiting this behavior, known as the reverse
indentation size effect (RISE) in the literature, exhibit
plastic deformation. The RISE behavior is a result of the
bond strength between the superconducting grains and is
caused by indentation-induced cracking [32]. Y4 sample
has the highest hardness value. As supported by XRD
results; compared to other nano-Y.QOj3 addition samples,
the dislocation density of the Y4 sample is larger and the
particle size is smaller. The dislocation density (J) was
calculated using the formula 6=1/D? and calculated data
are presented in Table 2. It is known that crystalline size
and dislocation density vary inversely. As the ¢ value
increases, the crystallinity level decreases [20]. Among
all samples, the highest dislocation density belongs to
Y2 and Y4 samples. The high hardness value is due to
the high dislocation density [33]. Increased dislocation
movement cause the tiny cracks to propagate rapidly. As
the particle size gets smaller, the bond between the
superconducting particles gets stronger and the
mechanical strength is expected to increase. The
hardness value of the doped samples decreased after x =
0.4 % additive value. We think that the decrease in
microhardness with increasing additive content may be
due to weakening of the bond between superconducting
grains and randomly distributed irregularities at grain
boundaries [34]. In the surface micrographs of samples
(Figure 5 a-e) showed that grain sizes, porosity and
surface cracks increase as Y-content increases.

Elastic modulus (E), yield strength (Y) and fracture
toughness (Kic) values of samples are presented in Table
4. Elastik modulus, an intrinsic property of the material,
gives the relative stiffness of the material. Elastic
modulus is a measure of resistance to elastic
deformation. As the value of the elastic modulus
decreases, elasticity of the material increases. In the case
of an increase in elastic modulus, it means that elasticity
of the material decreases [35]. Elastic modulus were
calculated from Equation 6. Yield Strength, which is the
magnitude of the stress at which a samples loses its
elasticity and turns into plastic, is calculated from
Equation 7. Also fracture toughness values of samples
were calculated from Equation 8. 'Fracture toughness'
describes the resistance of brittle materials to
propagation of cracks under an applied force [36].
Fracture toughness, which is an important parameter in
material selection in superconducting applications, is one
of the main mechanical properties of superconducting
samples.

E=81.9635H, (6)
Y=H\I3 ™
K,c = \/2Ey(y is energy surface) (8)

Elastic modulus (E), yield strength (Y) and fracture
toughness (Kic) values increase with the increase in the
applied load as seen in Figure 11, Figure 12 and Figure
13. In addition, it is seen that E, Y and Kic values
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increase up to x=0.4% additive value and decrease after
x=0.4%.

It is seen in Table 4 that hardness value increased until x
= 0.4 % sample and decreased after this value.
Especially the hardness value of Y10 sample is quite low
compared to hardness values of all samples. When we
add nano-Y,Os; at a certain rate, we see that the
mechanical properties of the system are improved. After
the amount of doping made after x= 0.4%, it affects the
mechanical properties of the system negatively. We
think that nano-dopings made in a certain amount can
strengthen the interparticle connection by settling in the
intergranular spaces. So we can say that nano-Y doping
improves mechanical properties of BSCCO.

4. DISCUSSION AND CONCLUSION

In this study, BiygPbo3Sr.Ca,CusOy +x(Y203) samples
(where, x = 0.0, 0.2, 0.4, 0.8 and 1.0 wt %) were
prepared by solid state reaction method. The effects of
Y203 nanoparticles addition on the microstructure, phase
formation, critical temperature, critical current density
and microhardness values were investigated and
compared by using XRD, SEM-EDX, Vibrating sample
measurements and Microhardness measurements. The
results obtained in this study on BSCCO
superconducting are summarized as given below.

XRD measurement results showed that the volume
fraction of Bi-2223 phase was the highest in undoped
samples. Increasing the amount of nano-Y»0; addition
decreased volume fraction of 2223 phase, a small extent.
No peaks belong to Y203 nanoparticles were found in the
XRD pattern. This showed that Y0s; nanoparticles
cannot enter the structure. It is seen that a lattice
parameter increased and c lattice parameter decreased
with the increase in the amount of nano-Y:0s; addition.
This indicated that the nano-Y,03; addition affected the
BSSCO crystal structure to a small extent. When we
looked at the positions of the strongest peaks to belong
to BSSCO, we did not see that there is no significant
peak shift.  Accordingly, we have seen that the
orthorhombic structure continues to exist in all samples.
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Table 4. The calculated load dependent H,, E, Y and K,. for YO, Y2,
Y4, Y8, and Y10 samples

Force (N) (gr;/a) (Gli)a) Y (Gpa) | Kic (Pa/m*?)
Y0
0.294 0.380 31.21 0.126 564.20
0.49 0.595 48.79 0.198 705.51
0.98 0.906 74.31 0.302 870.61
1.961 1.707 139.95 0.569 1194.79
2.941 1.945 159.42 0.648 1275.20
Y2
0.294 0.388 31.85 0.129 541.32
0.49 0.567 46.47 0.188 653.86
0.98 0.927 76.05 0.309 836.43
1.961 1.801 147.61 0.600 1165.37
2.941 2.076 170.18 0.692 1251.27
Y4
0.294 0.470 38.52 0.156 526.65
0.49 0.606 49.66 0.202 598.02
0.98 0.983 80.57 0.327 761.64
1.961 1.838 150.64 0.612 1041.47
2.941 2.367 194.01 0.789 1181.88
Y8
0.294 0.361 29.59 0.120 44191
0.49 0.408 33.44 0.136 469.79
0.98 0.777 63.68 0.259 648.32
1.961 1.44 118.02 0.480 882.59
2.941 2.096 171.79 0.698 1064.82
Y10
0.294 0.388 31.80 0.129 298.40
0.49 0.479 39.26 0.159 331.55
0.98 0.712 58.35 0.237 404.23
1.961 0.994 81.47 0.331 477.61
2.941 1.374 112.61 0.458 561.54

When the surface morphology of the samples was
examined with SEM photographs, it was seen that the
particle structure was plate-like. EDX analysis showed
that there is no impurity formation in the  materials and
nano-Y.0s; addition are evenly distributed in the
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structure. When the M-H curves of the samples are
examined, all samples showed diamagnetic properties.

The highest critical current density value for sample Y4
is 232 kA/cm?. Except for the Y10 sample, the critical
current density value of all samples is higher than the
undoped sample. Nano-Y,Os; addition has a positive
contribution to the formation of artificial needling
centers. According to the results obtained from DC
measurements, T°™ temperature values of Y2 and Y4
samples decrease slightly compared to the undoped
sample. However, as the amount of additive increases,
we see that the transition temperature to
superconductivity decreases considerably. The hole
concentration value ranges from 0.113 to 0.160. Hole
concentration values of Y2 and Y4 samples are 0.16.
Hole concentration values of Y8 and Y10 samples are
0.123 and 0.113, respectively. It is seen that the carrier
density decreases after the value of nano-Y,03 addition
x=0.8 %. Vickers Microhardness measurement results
showed that the microhardness value of the samples
increases non-linearly with the increasing applied force.
All samples exhibit RISE behavior. It is seen that the
hardness values of the samples increase with increasing
nano-Y0;3 addition.
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