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The compound Bi2�xPbxSr2Ca2Cu3O10+& has been prepared as a pellet by Nano technique and two step the
solid state reaction with a certain substitution percentages (0.3, 0.6, 0.9, 1.2) of Pb compensation rate of
Bi respectively using appropriate weight of pure material Bi2O3, PbO, Sr(NO3)2, CaCO3, and Cu(NO3)2
proportional to their molecular weight. Samples have been annealed in (900 C0). Samples morphology
were also observed by AFM (in three dimensions), the best value of Nano is 73.61 nm at x = 0.9, and
through the results of electrical resistance after using the measuring device current and voltages under
low temperatures show that the best temperature is 141 K at x = 0.9 compensation ratios.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 3rd International Con-
ference on Materials Engineering & Science.
1. Introduction

The first discovery of superconductivity in 1911 by Dutch scien-
tist H. Kamarling onnes during the measurement of the electrical
resistance of pure mercury at the temperature of; liquid helium
and the selection of mercury metal because it is liquid at room
temperature and because it be obtained With very high purity
and found that the electrical resistance collapses to almost zero,
and so Onis on this phenomenon (superconductivity) because the
electrical conduction reaches infinity at a critical temperature of
(4.2 K) [1].

In superconductor, high electric current density permanently
flows with absolutely without power loss [2].

After that, it was found that TC values greater than 150 K could
cause Hg-1223 by applying high pressure [3]. Over the next year,
vehicles covering the full installation range were reported
n = 1–8 [4–6].

The superconducting B-S-C-C-O has an orthorhombic structure
[7], they consist of provskite copper oxide planes sandwiched
between double bismuth oxide layers with rock salt coordination,
and have been compared to the Aurivillins phase [8,9]. This
body-centered orthorhombic Braveries lattice is only an average
structure, however as the compounds display incommensurate
modulation [10].

Suzan et al. [11] in 2012 studied the effect of annealing on films
Bi1.6Pb0.4Sr2Ca2Cu2.2Zn0.8O10 prepared by pulsed laser deposition at
Ta = 820, 840, 860, 880 �C in oxygen atmosphere flow rate
2 lit/min, heat rate 15 �C/min. The films investigated by XRD
and studied the electrical resistivity measurement by four probe-
technique.
2. Objective of the research

The main objective of the research is to determine the effect of
the partial compensation of the Lead (pb) element on the Bismuth
element (bi) on the electrical properties, and the effect of the Nano
technique to improve electrical properties by increasing the critical
temperature by using four probe method for the compound
Bi2�xPbxSr2Ca2Cu3O10+&.
3. Devices used in the preparations of samples

� Gate Mortar.
� Ceramic Boat.
� Balance sensitive type (G.M.B.A) with a precise amount (0.0001
gm.).

� Heat oven with a degree of thermal limits (1200 �C).
� Hydraulic press.
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Table 2
Weights of compound Bi2�xPbxSr2Ca2Cu3O10+& were x = 0.6.

Powder Powder weight in grams Powder weight
in grams/1000

Code weight

Bi2O3 319.732 0.228248 W1

PbO 138.719 0.138719 W2

(Sr(NO3)2 211.628 0.211628 W3

CaCO3 100.076 0.100076 W4

Cu(NO3)2 187.554 0.187554 W5

Fig. 1. The diagram of the heating and cooling process (annealing) in O2 [11].

Table 3
Weights of compound Bi2�xPbxSr2Ca2Cu3O10+& were x = 0.9.

Powder Powder weight
in grams

Powder weight
in grams/1000

Code weight

Bi2O3 251.218 0.251218 W1

PbO 208.078 0.208078 W2

(Sr(NO3)2 211.628 0.211628 W3

CaCO3 100.076 0.100076 W4

Cu(NO3)2 187.554 0.187554 W5

Table 4
Weights of compound Bi2�xPbxSr2Ca2Cu3O10+& were x = 1.2.

Powder Powder weight
in grams

Powder weight
in grams/1000

Code weight

Bi2O3 182.704 0.182704 W1

PbO 277.438 0.277438 W2

(Sr(NO3)2 211.628 0.211628 W3

CaCO3 100.076 0.100076 W4

Cu(NO3)2 187.554 0.187554 W5
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4. Research method

The samples were prepared with a certain substitution compen-
sation rate (x = 0.3, 0.6, 0.9, 1.2) of pb substitution instead of bi
were prepared by dissolving 99.9% pure bi2o3, pbo, sr(no3)2, caco3,
and cu(no3)2 involved in the formation of Bi2�xPbxSr2Ca2Cu3O10+&

were calculated by taking the molecular weights of these sub-
stances relative to the weight of the element in both the base.

Weights and compound Tables 1–4 when x = (0.3, 0.6, 0.9, 1.2)

W1(Bi2O3) = ((2 � x)/2)[2(204.37) + 3(15.999)] = 456.76 g/mole
were x = 0
W2(PbO) = x/2[2(207.2) + 3(15.999)] = 462.397 g/mole were x
= 2
W3(Sr(NO3)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 Structure

The weights of nitrates, carbonates and oxides are mixed from
W1 to W5 for Tables 1–4 to obtain the compound Bi2�xPbxSr2Ca2-
Cu3O10+&. These materials are then submerged in the feed and then
grind a suitable mill using a mill so that the mixture is homoge-
neous with the addition of isopropanol solution in the process of
grinding at medium temperature or less (50–60 �C) to get rid of
isopropanol. Then press the samples by hydraulic (8 ton/cm2)
and diameter of these discs (12 mm) and thickness of (0.8 mm)
to (1.2 mm). These tablets are placed inside a heat oven in an
atmosphere saturated with air and raise the temperature of (120
�C/hr) to reach; (900 �C). The model is cooled to room temperature
at a temperature of 30 �C/hr. The temperature is controlled by a
thermal regulator. The model is then removed from the oven.
The heating and cooling process is carried out in an atmosphere
saturated with air. This process is called annealing as shown in
Figs. 1–3.

5. Results and discussion

Figs. 2–9 and Table 1 are revealed the three dimensional views
give the grain size, average diameter and average roughness (is dif-
ferent between the highest point and the lowest point on the film)
for Bi2�xPbxSr2Ca2Cu3O10+& and for different concentration of Pb
(x = 0.3,0.6,0.9,1.2) after annealing carried out by AFM At x = 0.9
ratio of Pb give a best value 73.61 nm (See Table 5).

6. Electrical resistivity

From the Fig. 9 critical temperature Tc could be found from the
curve of resistivity versus temperature. Tc is the temperature at
which the resistivity drop to 50% of its extrapolated normal state
value at room temperature, or is the temperature at the midpoint
between the resistivity at the onset of the transition (Tc1) and the
Table 1
Weights of compound Bi2�xPbxSr2Ca2Cu3O10+& were x = 0.3.

Powder Powder weight
in grams

Powder weight
in grams/1000

Code weight

Bi2O3 388.246 0.388246 W1

PbO 69.359 0.069359 W2

(Sr(NO3)2 211.628 0.211628 W3

CaCO3 100.076 0.100076 W4

Cu(NO3)2 187.554 0.187554 W5
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zero resistivity point (Tc2) [2,12], as given by the following rela-
tion: Fig. 1

Tc ¼ ððTc1þ Tc2Þ=2Þ:
Fig. 10 shows the resistivity as a function of temperature of

compound Bi2�xPbxSr2Ca2Cu3O10+& for x = 0.3 give a value of Tc
= 118 K. Fig. 11 shows the resistivity as a function of temperature
of compound Bi2�xPbxSr2Ca2Cu3O10+& for x = 0.6 give a value of
Tc = 128 K. Fig. 12 shows the resistivity as a function of tempera-
ture of compound Bi2�xPbxSr2Ca2Cu3O10+& for x = 0.9 give a best
value of Tc = 141 K. Fig. 13 shows the resistivity as a function of
temperature of compound Bi2�xPbxSr2Ca2Cu3O10+& for x = 1.2 give
a value of Tc = 123 K.
7. Conclusion

We conclude that the best compensation ratio is 0.9, through
which a high critical temperature was obtained at a lower Nano
dimension. This indicates that the lower the Nano dimension, the
higher the critical temperature increases, which is the primary goal
of obtaining materials with superconductors electrical properties.
High conductivity at high temperatures close to Room
temperature.



Fig. 2. AFM photo of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 0.3.

Fig. 3. AFM photo of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 0.6.

Fig. 4. AFM photo of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 0.9.

Fig. 5. AFM photo of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 1.2.
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Fig. 6. Scan-probe of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 0.3 average diameter 111.01 nm.

Fig. 7. Scan-probe of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 0.6 average diameter 86.52 nm.

Fig. 8. Scan-probe of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 0.9 average diameter 73,61 nm.

Fig. 9. Scan-probe of Bi2�xPbxSr2Ca2Cu3O10+& sample for x = 1.2 average diameter 89.19 nm.

Table 5
Average grains diameter and critical temperature for x = 0.3, 0.6, 0.9, 1.2 of compound
Bi2�xPbxSr2Ca2Cu3O10+&.

Ratio of (x) Average diameter(nm) Critical temperature (Tc)

0.3 111.01 118 K
0.6 86.52 128 K
0.9 73.61 141 k
1.2 89.19 123 K
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Fig. 10. Determination of Tc from the resistivity Measurement.

Fig. 11. Shows the resistivity as a function of temperature of Bi2�xPbxSr2Ca2Cu3-
O10+& for x = 0.3.

Fig. 12. Shows the resistivity as a function of temperature of Bi2�xPbxSr2Ca2Cu3-
O10+& for x = 0.6.

Fig. 13. Shows the resistivity as a function of temperature of Bi2�xPbxSr2Ca2Cu3-
O10+& for x = 0.9.
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