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Abstract
This research contains preparing the superconducting compound Bi2-xAgxSr2Ca2Cu3O10+δ and studying its structural
and electrical characteristics. The samples were prepared using the solid-state method in two stages, and different
concentrations of x were (x= 0.2,0.4,0.6,0.8) replaced instead of bismuth Bi. Then, using a hydraulic press 9 ton/cm2
and sintering with a temperature of 850°C, the samples were pressed. Next, x-ray diffraction is used to study the
structural properties. The study of these samples was presented in different proportions of x values, where x = 0.4 is
the best compensation ratio of x. A critical temperature of 1400C and the Tetragonal structure was got. After that, the
effect of laser nidinium _ yak (Nd: YAG laser) was used on the compositional. It was found that the temperature value
increased, so we got the best critical temperature, which is 142 0C.
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Introduction
In 1957, the scientist Bardeen, Cooper, and
Schrieffer published the BCS theory (Bardeen,
Cooper, & Schrieffer, 1957). A few years later,
Josephson’s
(Josephson,
1962)
astonishing
predictions regarding the physical properties of
inhomogeneous superconductors were announced.
Different crystallographic phases can be exhibited
from the tantalum nitride TaNx (e.g., Tetragonal,
Hexagonal, and Cubic) (Nie et al., 2001; Terao,
1971).
Pulsed Laser Deposition (PLD) has been used to
fabricate it, where 532 nm radiation (the first
harmonic) from a Nd_YAG laser (Kawasaki, Namba,
& Suda, 2000; Matenoglou et al., 2008).
Traditionally, in the PLD, it has been applied with
Nd_YAG lasers. Nevertheless, as a demerit, the
output power significantly decreases compared to

the fundamental 1064 nm radiation. For TaN
deposition,
this
study used
High-quality
superconducting NbN films (using just the
fundamental 1064 nm radiation from an Nd: YAG
laser) (Chaudhuri, Nevala, Hakkarainen, Niemi, &
Maasilta, 2010), and the same tactic.
The applicability of (PLD) grown Nb films in
epitaxial multilayer systems is demonstrated by
Haindl et al. (Haindl, Neu, Schultz, & Holzapfel, 2007;
Haindl, Weisheit, Neu, Schultz, & Holzapfel, 2007).
Research Method
To get a powder of uniform gray color, appropriate
amounts of high purity Bi2O3, Ag2O3, Sr(NO3)2,
Ca2CO3, and CuO powders have been weighed,
mixed, and ground in a gate mortar for two hours.
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To make think slurry, the mixture took place by
inserting a sufficient quantity of 2_ propanol. Using
oven at 80 ºC for 60 min, the mixture is put in a tube
furnace. The tube has a programmable controller
type Eurotherm 818 for calcinations in the air, which
takes out (CO2 and NO3) gases from the mixture. For
24 hours and with a heating rate of 5ºC/min, the
powder was heated to a temperature of 850ºC. Then,
the powder was cooled to 25 0C. The samples a pellet
of (1.4) cm in diameter and (0.2 _ 0.3) cm in
thickness, using hydraulic press 9 ton/cm2 for press
samples.

For 24 hours and in an air atmosphere of 850 ºC, the
pellets were sintered with a heating rate of 5º
C/min. The reason was to ionize the particles of the
materials and gradually decrease the volume of pore
spaces between them.
At the same rate of heating, the pellets were then
cooled to room temperature. Next, regrinding,
repressing, and re sintering the sintered pellets
were reground. The preparation methods are shown
in Figure 1.

Fig. 1. Schematic Diagram showing preparation of Bi2-xAgxSr2Ca2Cu3O10+ samples

Tables (1-4) list the weights and compound when
x=(0.2,0.4,0.6,0.8)
W1 (Bi2O3) = ((2-x)/2)[2(204.37)+3(15.999)] = 456.76
W2(Ag2O3)=x/2[2(107.868)+3(15.999)]=263.673
g/mole
W3(Sr(NO3)2 = ((2-x)/2)[(87.62) +2(14.007)+6(15.999)]
= 211.628 g/mole
W4 (CaCO3) = [40.078+12.011+3(15.999)] = 100.076
g/mole
W5 (Cu(NO3)2) = [63.546+2(14.007) + 6(15.999)] =
187.554 g/mole

Table 1. Powder weights for the compound Bi2-xAgxSr2Ca2Cu3O10+,
at x = 0.2

Powder
Bi2O3
Ag2O3
Sr(NO₃)2
CaCO3
CuO

Weights / 1000
0.4104
0.0263
0. 2116
0.1000
0.1875

The symbol weight
W1
W2
W3
W4
W5

Table 2. Powder weights for the compound Bi2-xAgxSr2Ca2Cu3O10+,
at x = 0.4

Powder
Bi2O3
Ag2O3
Sr(NO₃)2
CaCO3
CuO

Weights /
1000
0.36448
0.0527346
0. 2116
0.1000
0.1875
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The symbol
weight
W1
W2
W3
W4
W5

Table 3. Powder weights for the compound Bi2-xAgxSr2Ca2Cu3O10+,
at x = 0.6

Powder
Bi2O3
Ag2O3
Sr(NO₃)2
CaCO3
CuO

Weights /
1000
0.3192
0.0791019
0. 2116
0.10000
0.1875

The symbol
weight
W1
W2
W3
W4
W5

Table 4. Powder weights for the compound Bi2-xAgxSr2Ca2Cu3O10+,
at x = 0.8

Powder
Bi2O3
Ag2O3
Sr(NO₃)2
CaCO3
CuO

Weights /
1000
0.2736
0.1054692
0. 2116
0.1000
0.1875

The symbol
weight
W1
W2
W3
W4
W5

Objective of the Research
The object of this study is to obtain the impact of the
partial compensation of the silver element (Ag) on
the Bizmoth element (Bi) on the structural and
electrical properties. Additionally, to determine the
impact of the nidemium yak laser on the properties
improvement
of
Bi2-xAgxSr2Ca2Cu3O10+
superconducting.
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Results and Discussion
The mixture is then placed in the x-ray machine to
obtain x-ray diffraction and measure the angles of
the different reflections and then obtain the
crystalline composition of the sample. If the
relationship is achieved a = b  c means that it has a
tetragonal
structure,
which
possesses
superconductivity properties (Galy, 1989; Goldstein
et al., 2017).
X-ray diffraction has been used to test the prepared
samples’ structure.
Source: Cupper Kα
Wavelength: (1.5405 A0)
Current: (20 mA)
Voltage: (40 KV)
A Basic Language (Al-Shakarchi, 1997) was worked
out to find the lattice parameters (a,b,c), where the
language is based on Cohen's least. Here, an x-ray of
wavelength λ is considered as an incident at an angle
ϴ on two parallel planes of atoms (separated by
interference). If Bragg's law is satisfied, then:
2dsinϴ = nλ (1)

Where (ϴ) denotes the angle between the incident
beam of x-ray and plane. Additionally, the distance
between two parallel planes of atoms is represented
(d) (which is interplanar spacing dhkl). The
wavelength of the incident x-ray and the reflection
order are symbolized as (λ, and n), respectively.
This work considered that (λ)is fixed using a cobalt
source or cooper (for cooper source n=1 and
λ=1.54056 A0)
The peak position in the diffraction pattern is used
to calculate the angle ϴ. Then, d is determined using
Equation (1). A set of Miller indices (h k l) is
associated with each value. Equation (2) is used to
calculate the lattice parameters(a,b,c) (Callister &
Rethwisch, 2011).
1
𝑑2

ℎ2

𝑘2

𝑙2

= 𝑎2 + 𝑏2 + 𝑐 2
(2)
A powder of these samples was used. A computer
controller diffractometer is used to the data. As
illustrated in Figure (2-5), the solid-state reaction is
used to prepare the findings of the type 2223,
Bi2-xAgxSr2Ca2Cu3O10+ systems.
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Fig. 2. The powder X-ray diffraction of Bi2-xAgxSr2Ca2Cu3O10+ sample for x= 0.2

Fig. 3. The powder X-ray diffraction of Bi2-xAgxSr2Ca2Cu3O10+ sample for x= 0.4
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Fig. 4. The powder x-ray diffraction of Bi2-xAgxSr2Ca2Cu3O10+ sample for x= 0.6
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Fig. 5. The powder X-ray diffraction of Bi2-xAgxSr2Ca2Cu3O10+ sample for x= 0.8

From the figure, we can calculate the value of (d) by
using equation (1) and calculate the value of (a,b,c)
from equation (2), outlined in Table (5).
Table 5. The value of (h k l) and (d), (a,b,c) for compound
Bi2-xAgxSr2Ca2Cu3O10+ at x= (0.2,0.4,0.6,0.8)

Ratio of x
0.2
0.4
0.6
0.8

hkl
110
110
112
210

d / A0
2.7907
2.8422
3.0105
2.7902

a=b / A0
3.928
4.12
4.23
4.05

Tc = ((Tc1+Tc2) / 2)

(3)

C / Ao
33.36
32.94
32.08
33.21

Resistivity
and
Critical
Temperature
Measurement
A four-point probe is the most common method to
determine the Tc of superconductivity (Wu et al.,
1987). The curve in Figure (9) is used to determine
Tc (critical temperature). The resistivity of Tc

eISSN 1303-5150

comprises of two parameters: Tc1 (transition) and
Tc2 (zero resistivity point) (Eckroad, 2009; John &
Fredrich, 2010). It can be calculated as follows.

Figure 6. Measurement of the resistivity (to calculate Tc).
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Before
laser irradiation, Figure (7) refers
the resistivity vs temperature of compound
Bi2-xAgxSr2Ca2Cu3O10+ at x=0.2 obtains a value of
Tc=119 K. Additionally, Figure (8) illustrates the
resistivity
vs
temperature
of
compound
Bi2-xAgxSr2Ca2Cu3O10+ at x= 0.4 reveals a value of
Tc=129K. Similarlly, Figure (9) presents the

resistivity vs
temperature of compound
Bi2-xAgxSr2Ca2Cu3O10+ at x = 0.6 determine a best
value of Tc = 140 K. Accordinglly, Figure (10) draws
the resistivity vs temperature of compound
Bi2-xAgxSr2Ca2Cu3O10+ at x = 0.8 gives a value of
Tc = 125 K.
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Figure 7. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.2 (before laser irradiation).

Figure 8. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.4 (before laser irradiation)
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Figure 9. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.6 (before laser irradiation)
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Figure 10. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.8 (before laser irradiation)

Similar to above, however, after laser irradiation,
Figure (11) refers the resistivity vs temperature of
compound Bi2-xAgxSr2Ca2Cu3O10+ at x = 0.2 reveals a
value of Tc=121 K. Additionally, Figure (12)
illustrates the resistivity vs temperature of
compound Bi2-xAgxSr2Ca2Cu3O10+ at x = 0.4 obatins
a value of Tc = 131 K. Similarlly, Figure (13) presents

the resistivity vs
temperature of compound
Bi2-xAgxSr2Ca2Cu3O10+ at x = 0.6 shows a best value
of Tc = 142 K. Accordinglly, Figure (14) determines
the resistivity vs temperature of compound
Bi2-xAgxSr2Ca2Cu3O10+ at x = 0.8 obtain a value of
Tc=127 K.

Figure 11. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.2 (after laser irradiation)
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Figure 12. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.4 (after laser irradiation)
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Figure 13. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.6 (after laser irradiation)

Figure 14. The resistivity with temperature of Bi2-xAgxSr2Ca2Cu3O10+, at x = 0.8 (after laser irradiation)
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Table 6. Average critical temperature and grains diameter of
x = 0.3,0.6,0.9,1.2 of compound Bi2-xAgxSr2Ca2Cu3O10+

The ratio
of (x)
0.2
0.4
0.6
0.8

Critical Temperature (Tc)
Before laser
After laser
irradiation
irradiation
119 K
121K
129 K
131 K
140 K
142 k
127 K
132K

Conclusion
XRD pattern has shown the tetragonal structure, and
the substitution Ag instate of Bi for compound
Bi2-xAgxSr2Ca2Cu3O10+ give a best value of Tc = 140 K
at x = 0.6 (before laser irradiation). Whereas, after
laser irradiation shows the increasing value of
Tc = 142 k, t is better to use laser irradiation when
preparing superconducting samples or to use
nanoparticles of silver Ag.
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