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Chapter One

Introduction to Superconductivity

1.1 Introduction:

Superconductivity is one of phenomena that represent two states,
that inherently correlated, namely, ideal conductivity(R=0) and
diamagnetic (u< 1) [1], where this phenomenon occurs with certain
substances. It was observed that these materials lose theirs electrical
resistivity suddenly to reach a zero value at certain low temperatures
called critical temperature and has a symbol of (T.) Represents the
threshold for superconductivity, but is not the only criterion for the
realization of superconductivity, there are two other criteria, namely,

critical magnetic field(H,) and critical current density(J,) [2].

1.2 Historical review:

In 1908, the Dutch scientist Kamerlingh Onnes succeeded in
liquefying helium gas by put it under pressure. The temperature in which
the helium gas was converted into liquid is (4.2K) or (- 296 C°) [1] [3]
[4]. Kamerlinghs success was followed, where In1911, he found that the
electrical resistance of mercury decreases to the zero abruptly when the
temperature is reduced to a value of (4K), this observation came when he
studied the electrical properties of mercury and the electrical resistance of
some materials [5, 1]. In 1912 Kamerlinghs explored that when the
superconductors exposed to high magnetic field they get back theirs
resistivity. In 1913 a new superconductor element was explored, where
lead (Pb) was explored to serve as superconductor at (7.2K) [5]. The most
important property beside the zero resistivity is the diamagnetic behavior

owned by superconductor where it is explored by Meissner and
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Ochsenfeld in 1933 through them observation of magnetic field exclusion
by superconductor under it's T.[ [5, 6, 7]. Scientists have tried to detect
superconducting materials with higher critical temperatures, but this was
futile as they did not exceed 10K until the early 1940s. Where the
Niobium compound (NbN), was discovered which has a critical
temperature of 15K. The most important theory in the field of
superconductivity is the BSC theory, which was complied with by the
two scientists J.Barden, Cooper and Schrieffer in 1957, as it is a theory
that deals with the subject of attraction between the electrons of
superconducting material when cooled under the critical temperature of
its superconducting state transition [5, 8, 9]. The situation has remained
the same until 1973s where the (Nb;Ge) compound, was detected which
has a critical temperature of 23K [10, 11]. The most important event was
the discovery of the ceramic superconductor in 1986s, where the
preparing of the (La-Ba-Cu-O) compound was achieved by the two
scientists (J.George Bednorz and Karl Alex Muller) with a critical
transition temperature of 30k. Chu's group succeeded in reaching a
critical temperature of 92k in 1987 by replacement of the element of
lantium (La) with the element of etherium(Y) and the obtaining of a
superconductor from the (Y-Ba-Cu-0O) system, which exceeded the liquid
nitrogen boiling temperature of 77K, this discovery was a remarkable
development in the history of superconductors [10, 12]. In 1988, Bi-Sr-
Ca-Cu-O (BSCCO) superconducting system was discovered by Maeda et
al , with a critical transition temperature of more than 100 K, this
compound was prepared with chemical form of Bi,Sr,Ca,Cu30,,4445
and indicated by Bi(22 (n-1) n) , where n=1,2 and 3 have T.- 22K , 80K
and 110K respectively [5, 12] .And then reached a critical temperature
equal to 133K by preparing Hg Ba,Ca,Cus05,,4+s System in 1993s

[13]. The critical temperature of HgBa,Ca,Cu;0,,,44+5 System
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increased to reach 164k by applying high pressure in the same year [14,
5].

1.3 Superconductor properties:

In order to achieve superconductivity, three basic conditions must
be met simultaneously, these conditions are: reach the critical temperature
magnitude (T,), critical current density magnitude (J.) and critical
magnetic field (H,). Figure (1-1) demonstrates the relation among these

three conditions.

Current density J

Jo(T=0K, H=0)

Ho(T=0K,J=0)

Te(H=0,J=0)

Temperature T Magnetic field H

Figurel- 1: The relation among Tc, Hc and Jc [5]
1.3.1 Critical temperature (T ,):

The supercondoctors substances translate to supercondecting state
when their temperature decreas to characterestic temperature called
critical temperature(T,), the critical temperature is the temperature at
which the electrical resistivity decreases suddenly to zero [15]. The
superconducting state described by BSC theory, some of these
substanses translate to superconducting state at low temperature until
exploration of high temperature superconductor materials in 1986, these
materials have critical temperature in range of 120K. Because to its
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ability to serve as superconductotr substance in a temperature higher than
the boiling point of liquid nitrogen (77K) [16].

Superconductor

Normal metal

£
g
Q
_E:.
|7}
i
¥}
=1
=
2
B
(]
L
55}

Temperature (K)

Figurel- 2: Relation between absolute temperature and electrical
resistivity of normal and superconducting state [5].

1.3.2 Critical current density(]..):

If the magnitude of electric current pass through the
superconductor substance rais to certain magnitude higher than certain
magnitude ,the superconductor will retain to the normal state even if its
temperature less than its critical temperature [16], hence the critical
current can defined as the highest magnitude of current can pass through
the superconductor substance without retain to its normal state [17, 5].
There is invers proportional between critical current density and critical

temperature as illustrated in Figure(1-1) [16].

1.3.3 Critical magnetic field (H,.):

When the superconductor substancs cooled below its critical
temperature and the magnatic field increase around the substance, the
magnetic field was repelled and remain arround the substance until reach

the particular magnitude at which the magnetic field pentrates the
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substance [15]. The highest magnitude of magnetic field over which the
resistance increace and the substance back to normal state even if its
temperature less than its critical temperature is called critical magnetic
fieldH, [17]. The relation between the critical magnetic field and critical
temperature is inversly relation as demonstrated in Figure(1-3) and given

by following equation [2] :
H,=H,(0) [1-(%)2 1o, (1-1)

Where:

H_.: Maximum critical field (Tesla), H.(0): Maximum critical field (Tesla)

Normal

Figurel- 3 Relation between critical temperature and critical
magnetic field [18].

1.4 Meissner effect:

In 1933 , the two germane scientists W. Meissner and R.
Ochsenfeld noticed that when the superconductor substances exposed to
external magnetic field(B,.,;) and cooled under its critical temperature
,the magnetic flux line cannot penetrate the substance thickness and a

repel arises between the substance and the external magnetic field i.e. the
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magnetic field inside the substance equal zero (B;;,), this means that the
superconductor substance behave as a perfect diamagnetic substance has
magnetic permeability equal to zero. But there is a particular magnitude
of magnetic field over which the magnetic field penetrates the substance
until if it below T this particular magnetic field magnitude called critical
magnetic field B, [19]. Meissner effect happens because that the external
field induces screening current on a surface, this current creates interior
field which directed to perfectly revocation the applied field [20] [21]

[22]. Figure (1-4) illustrates meissner effect.

Bin:Bext+Binduced ........................ (1'2)
Bm —ﬂ0H+ﬂ0M ........................... (1-3)
By =poHAH ), (1-4)
Where

B;, : The magnetic field inside the superconductor, B,,; : The external
magnetic field, Bj,gucea - The interior magnetic field of the
superconductor. All of B;,,, B.,:and Bj,4uceq Nave units of Tesla

But B = 0 in the superconductors, this mean :

M=-H,%,=-1

B;,=0

Where:

uo: Permeability of free space which has units of H/m, M: Magnetization
which has units of A/m, X,,, : The magnetic susceptibility, H : External

magnetic field .
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T="TTc T<Tc

Figurel- 4: Explaination of meissner effect [5].

1.5 Basics concept in superconductivity:

1.5.1 Coppers pairs:

Cooper pairs are the charges carriers in superconductor substances,
it was created when the electron with momentum coupled with the
another one of precisely contrary momentum and spin .This coupling take
place when the superconductor substances cooled to temperature less than
its critical temperature, the normal state of free electron gas was
converted to a quantum fluid of coherent electrons pairs in reciprocal
space [23] [24].

1.5.2 Coherence length (&) :

Coherence length is the distance over which the coopers pair stay
together, thus the superconductivity state depend strongly on the
coherence length. In 1953 Pippad suggested the coherence idea, [25,
15]and discovered that the superconductor substance density changes as
coherence length change. Almost superconductor metals have coherence
length about(10~*cm). The coherence length is scale of distance between

two superconductivity electrons as given in the following equation [5]:

B (1-5)

24



Chapter One Introduction to Superconductivity

Where, vg. The electron velocity at Fermi level which has units of m/s,

2A: The energy gap which has units of eV.

1.5.3 Penetration depth(}.):

The magnetic field can penetrate small region near the
superconductors surface, this limited depth region called penetration
depth (L), the magnitude of penetration depth ranging usually between
1078 and 10~”m, which changes with temperature changing as given in

the following equation [19] :

Where: Z. is the penetration depth at absolute zero temperature which has

units of Cm.

This equation shows that the penetration depth magnitude go to
infinity (A—o) when the temperature equal to superconductor critical
temperature (T=T.). That means when the temperature increase until
reach the critical temperature and the substance transform to normal state

and the field completely penetrate the substance [26].

The equation (1-7) can used to determine the superconductor type [2]:

Where: K is the Ginzburg-landau factor. Now, if (k<\/i§) , then the

superconductor (type I), but if (k>%) , then the superconductor (type II)

[27, 28]. And the magnetic field inside the superconductor relate with

penetrate depth by the following equation [2]:
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Where: B. is the magnetic field at the surface, X: is the distance from the

surface to particular point inside the substance.

Figure (1-5) explains the behavior penetration depth and coherence

length in both normal and superconducting state.

POF Reducer Demo

Figurel- 5: Pentration depth and coherence length of normal and
superconducting state [5].

1.6 Theories of superconductor at low temperature:

1.6.1 London equation:

The conduction electrons in metal in normal state were described
by ohm's low which was expressed by mathematical formula: (jJ=cE) but
after modification this description due to Meissner effect in the
superconductivity state, it was assumed that in the superconductivity state
the current density proportional directly with potential vector(A) of

magnetic field [15].

-1

And the proportional constant is (——
HoAL

) [29, 15].
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Where:A, is the dimensions length constant.

By taking curl for both sides:

VXBIHoj ivviiiiiiiiiiieen, (1-12)
VXVXB=pVxj (1-13)
Thus

V X V x B =grad div B -V2B...... (1-14)
V X V x B =-V?2B (because (div B) =0)......... (1-15)

—V2B = oV X Je oo os e, (1-16)

7B = |2l p=-2 .. (1-17)

4= (Bl (118)

m*

Where:Ais the London penetration depth (this parameter depend on the

depth that the magnetic field penetrate it) .

By joining this concept with gorter and casmer formula which

describe the relation between penetration depth and temperature [30]

Equation (1-19) has not microscopic explanation at low temperature, but

it was expressed as:

10
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A=Ay [(1 +D)+0(P)].......(1-20)
Where 0(t®) is correction factor.

1.7 Ginzburg-Landau theory

Both of Ginzburg and Landau utilized the macroscopic outlook to
explain the transition from normal state to superconductor state on the
thermodynamic origin in phase transition of second order, and they
developed a new parameter, this new parameter called order parameter y
of electrons of superconductivity ng, thus the super electrons local density

was presented by n;_ ;2. Depending on G-L theory, the alteration of free

energy (F) can be expressed as an order parameter y power series. The

magnetic depth of penetration (1) and coherence length (&) expressed as

[5]:

hZ
E (M) e (1-21)
And
2
L) ey PSRRI (1-22)

Where: a: is a variable factor depends on the thermodynamic transition of
superconducting phase. And the two factors (§ and 1) diverge by the same
manner, T=T, when T— T.the & over A resultant represents particular
parameter K called Ginzburg-Landau parameter and is the special

parameter of the superconductor material [15].

1.7.1 The Josephson Effect:

When thin oxide insulator substance has a thickness of about (2nm)
inserted between two superconductor substance, a current can flow

between two separated superconductors passing through insulator

11
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substance. This current flowing attributed to the passing of cooper pairs
through the insulator substance by tunneling. This tunneling phenomena
explorer experimentally by I.Giaever, while B.D.Josephson demonstrated
this phenomena theoretically for a first time [31] [32]. Figure(1-6)

illustrates Josephsone junction.

Jusephson . ;
junction ¢ DPper pair

: : Current
Current, . s o g . R :

L] R R

supercanductor «—— Voltage —— superconductor

Figurel- 6: Josephsone junction.

1.8 The Microscopic Description Of Superconductivity by BCS

Theory:

The understanding of superconductivity phenomena becomes
clearer by depending on BCS theory. It is considered as the first theory
discussed the superconductivity from the microscopic overview it was
suggested via John Barden, Leon Copper and J. Robert Schrieffer in 1957
[33]. BCS theory explained the superconductivity in low temperature, it
considered that the electrons which have the opposite moments and spins
can coupled and create what called cooper pairs. These electrons pairs
can behave unlike the individual electrons which fermions obey to Pauli
exclusion principle, the electron pairs generally act as bosons, which may
be agglomerate at the same energy level. Due to its low energy level the
electrons pair create energy gap less than both of them approximately
(ImeV) which prevent the collision interaction that caused the normal

electric resistivity.

12
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1.9 Type-I and type- 11 superconductors:

The superconductor substances have been classified into two
categories depended on their response to magnetic fields, this
classification involves type— | (soft superconductor) and type - I | (hard
superconductors) superconductors. The magnitude of Ginzburg-Landau

parameter (k) plays important role in compare between two types .where
1

7 then the

if k<i2, then the superconductor is type- I, but if k>

superconductor is type- Il [5] [34].

1.9.1 Type | ( or soft) superconductors:

In this type the superconductor substance behave as a perfect
diamagnetic substance when its magnetic field magnitude below its
critical magnitude (H;). The substance stays perfect diamagnetic
substance until reach the critical magnetic field magnitudeH.. The
substance transform to normal state and full magnetic penetration happen
[35] [36]. i.e. showed complete meissner effect. This type usually has low
critical magnetic field magnitude about 0.1T as a highest known
magnitude, thus this type unsuitable to utilize in high field
superconducting magnet [22] [37]. A lot of metal element classified as

type | superconductor such as lead, aluminum and mercury.

13
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ducer Dem
normal state

; type-I1
Meissner | |
state : mixed|state

H H H_ H

cl c €2

Figurel- 7: Two supercondoctor types behavior [17].

1.9.2 Type Il ( or hard ) superconductors:

In this type the superconductor substances do not display complete
meissner effect [38, 5], this substance stays diamagnetic substance until
reach the particular magnetic field magnitude H.; at which the magnetic
flux line start to penetrate into the bulk of substance , and the penetration
running with rising magnetic field magnitude until reach H_, at which the
field penetration complete. For field magnitude lies between H., and H,,
the substance exists in a state that called mixed state, it contains normal
state and superconducting state [7] [35]. The magnitude of H_., higher
than magnitude of H.,, and the critical field of type Il substance
approximately 100 time than critical field of type I. The magnitude of H_,
higher than 30T has been noticed. The behavior of both types of

superconductors was illustrated in figure (1-7).

1.10Influence of isotopes:

The superconductivity is one of phenomena that are sensitive to
any changes in electrons system and the electrons system affected by
crystal lattice. So the superconductivity properties was influenced by

Isotope mass changing, because the isotope mass one of important factor

14
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which can influence in lattice crystal properties, like the lattice vibration
frequencies affected by ion mass. The exploration of isotope effect was
first observed by Maxwell where he observed an inverse relationship
between the mass of the isotope and the critical temperature of the
transition. When substituting one of the atoms of superconducting
material with one of the larger ones in the mass, it was noted that the
critical temperature of the transition decreased. The critical temperature
of the transition varies from 4.185 K to 4.140 K when the mass number
changes from 199.5 to 203.4 a.m.u. For mercury, This leads us to
conclude a relationship between the peer mass and the critical transition

temperature [2]
MT = constant .........cccevuveneen. (1-23)

Where a:ls exponent of isotope effect.

1.11Energy gap:

The emergence of a gap in the energy spectrum attributed to the
existence of attraction between the internal electrons in superconductors.
There will be absorption of energy and electron excitation through the
gap when the frequency is sufficiently large and then the pairing process
will be useless. This demonstration is fully consistent with the BCS
theory. There are some factors can determine the width of the energy gap
such as tunneling, electromagnetic absorption and specific heat. The ideal
width is approximately less than 1mev. The emergence of this gap does
not occur abruptly as it is equal to zero at the critical transition
temperature, then increases until reach to 3.5 KT, at absolute zero
temperature. This proportion between energy gap width and temperature
was imposed by BCS theory. Figure (1-8) illustrate the relation between

gap width and temperature, where A (0) is the zero temperature width and
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A (T) is the width at arbitrary temperature [2].Figure (1-8) illustrates the

relation between energy gap and critical temperature.
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Figure(1- 8): lllustration of influence of energy gap in critical
temperature [2].

1.12 Applications of superconductivity:

The discovery of superconducting materials with higher critical
temperatures has led to the expansion of applications for superconducting
materials. Some important applications for superconducting materials will

be listed below:

1-The lack of loss of energy is superconductor led to the possibility of
carrying a larger current in the winding, so it became possible to
manufacture superconducting magnets smaller than resistive magnets
[10].

2-Superconducting bulk can be used in water purification plants using the
magnetic separation phenomena, so that more than 100 times the
efficiency of purification can be obtained from the efficiency of the

techniques currently used [39, 40].
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3-Superconductors also utilized in designing of medical imaging systems,
infrared sensors, microwaves devices and analog signal processing
devices [41, 10].

4- Due to its high sensitivity to electric currents and magnetic fields,
Josephson junction utilizes in manufacturing of interference quantum
superconductor to employ it in the brain and heart activity detection [42,
43].

1.13Literature review:

There are large numbers of research investigated preparation of
BSCCO superconductor system due to its importance because it
considered as one of the first superconductor compounds has T, above
100k [44, 5].

Hazen et al. [1988] [45] recorded four superconducting Bi-Sr-Ca-

Cu-O phases systems. The crystal structures of recorded systems were

orthorhombic with unit cell dimension of about (5.41x5.44%30.78) (,&)3.

The critical temperature of BSCCO systems were approximately 120Kk.

Yamada et al. [1988] [46] investigated the influence of Bi
replacement by Pb on Bi-Sr-Ca-Cu-O superconducting system they noted
that the T, increased with increase of Pb concentration, the optimum
result recorded was T,.=85.5k for Bi Pb, Sr,CaCu,0; with (x=0.5) and
more increase in Pb concentration produced negative results, where
T.decreased when Pb>0.5.

Li et al. [1989] [47] fabricated Bi1_84Pb0.34srl__91C32.030U3_0605
superconducting system. They found that the fabricated specimens by

solid state reaction have critical temperature of about 110k and XRD
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analysis explained that the fabricated systems structure contained 2223

phase.

Dawud. [2000] [48] investigated the influence of n increasing on
properties of HTSC, and also studied the influence of process of addition
of 5% wt Lead (Pb) to the Bi2Sr2Can-1CunOzn+a+s compound which
fabricated via solid state method Furthermore the free Pb specimens , the
specimens sintered in (845-848)°C in oxygen environment. The results
obtained indicated that PbO addition play positive role in critical
temperature enhancement of fabricated BSCCO compound, where it had
been found that the free Pb specimen has T, approximately 105K and
130k for Pb-doped specimen. And also it had been found that increase of
n up to 3.5 produced increase in T,, but there is decrease in T.associated

to increase of n more than 4.

Hermiz. [2001] [49] investigated the influence of substitution
concentration, sintering temperature, quenching, and oxygen content on
(Bi1-xPbx)2(Sr1-yBay)2Ca2CusO10+s fabricated system with substitution
concentration (0>x>0.5) and (0<y<0.5) via using solid state reaction
method. Results show that Tc=122K was the highest obtained critical

temperature was for (x=0.2) and (y=0.1).

Zargar et al. [2008] [50] studied of bismuth (Bi) replacement by
cadmium (Cd) and lead (Pb) on Bi; ¢Pb,Cd,Sr,Ca,Cus0, superconducting
system with many substitution concentrations (X, z). The results
explained that the increases in Cd concentration helped in Minimize the

presence of not favorite's phases.

Kareem Ali Jassim [2005] [51] investigated influence of
replacement of bismuth (Bi) by ( Hg, Pb) and (Sr) by (Ba) on (Bi,
«(Pb,HQ),Sr,.,Ba,Ca,Cuz0,p;5 ) superconducting system where
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(x=0.1,0.2,0.25) and (y=0.1,0.2,0.25). XRD analysis explained that the
change in the replacement (Sr, Ba and Hg) produced change in density,
c/a ratio and ratio of high phase (Bi-2223). The electrical resistivity tests
explained that the critical temperature were (T,=125,129,119K) for
(Bi175Pbo 25511 9Bap 1Ca,Cu3010.26), (Bl1.75HJ025Sr9 Bag1Ca,CusOy9,71) and
(HQo.75Pbo 25511 75 Bag 25Ca,Cus0g 31 ) respectively .

Hayder Jawad Maktoof [2005] [52] investigated Pb partial
substitution influence on structural and electrical properties of Bi,.
«PbySr,Ca,Cuz0,9 HTSC system which fabricated via solid state reaction
, where (x=0, 0.1, 0.2, 0.3 and 0.4 ). XRD analysis explained that the
prepared specimens have orthorhombic crystal structure and there are
three phases were found (2201,2212 and 2223). The optimum magnitude

of critical temperature was T.=123k for x=0.4

Majeed Ali Habeeb [2006] [53] investigated the influence of
partial substitution of (Bi) by (Pb) and (Sr) by (Ba, Sb) on Bi,..Pb,Sr,.

yBa,Sb),Ca,Cu30y9 system which fabricated via solid state reaction

method, where (0.6<x<1) and (0<y<0.5). XRD analysis explained that

the prepared specimens have orthorhombic crystal structure with presence
of two superconducting phases (2212 and 2223) in addition to other
phases. The resistivity measurements results explained that the increase
of Ba substitution concentration produced increase T,, but increase of Sb
and Pb substitution concentration produce decrease in T,, where the best
magnitude of T, =119k for (x=0.6) , while the specimens transform to
semiconductors or insulators at increase Ba and Sb concentrations (0.4
and 0.5) and (0.2 and 0.3)) respectively.

Thabitt et al. [2011] [54] investigated Cu by Ni partial
replacement influence on ((BiggPb2)2(SroeBag.1)2CarCus«NixOios+5))
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superconducting system, where (x=0, 0.1... 1, 2, 3). They found the
highest T, can obtained was 113k associated to x=0.8. XRD analysis
explained that the crystal structure of specimens is orthorhombic with

decrease in length of C-axis corresponding to Ni concentration increase.

Bilgili et.al. [2012] [55]. investigated Nb addition influence on
properties of Biy;_,Pby3Nb,ST,Ca,Cuz0, superconductor system
where (x= 0.00, 0.05, 0.1, 0.15 and 0.2). After they fabricated the
specimens utilizing SSR technique, they found that the best substitution
concentration was (0.2), where XRD patterns illustrated that there was

increase in high temperature phases volume fractionV,,_;,,3, Where

Halim et.al. [2012] [56] investigated influence of (MgB,) addition
on properties of (Bi; ¢Pby 4ST,Ca,Cu3;0,)1-x (MgB,)x superconductors
system synthesized via SSR technique, where (x= 0.00, 0.002, 0.004,
0.006, 0.008 and 0.010). They found that volume fraction of high
temperature phase diminished from 85% to 25% when (MgB,) ratio
raised, and also found that there is larger grains and pours structure ware
observed after add (MgB,), coupling loss was explained by the complex

susceptibility measurement.

S.M.Shaban et.al. [2013] [57] investigated influence of Bi by Cu
and Pb partial replacement on insulating properties behavior of (real and
Imaginary parts of dielectric constant, tané and alternative conductivity)
of (Biy«(CuPb),Sr,Ca,Cus0,p;5 ) superconductor system at room
temperature which fabricated via solid state reaction method, where
(x=0,0.4and0.5) . The results explained that the dielectric constant

attributed to phase transitions. They also noted there is increase in value
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of tand with frwquency and x. Alternative current exhibited increase with

frequency increase to each value of x.

Bushra A. W. Aljuran[2007] [48] [10], investigated influence of
fast neutron and thermal neutron irradiation on  HQiy.
yT1kPb,Ba,Ca,Cuz0g.s superconductor systems properties, she utilized
from 241Am/Be source has 5MeV average energy 2.8 x 104 n/ cm? sec,
she found that phase transformation from tetragonal to orthorhombic
happened due to specimens exposed to fast neutron irradiation and
decreases in critical temperature was detected. The same source was
utilizing to thermal neutron irradiation process with average energy about
of 0.025eV and flux of 4.62x 102 n/ cm?.s, she observed that there were
increases and decreases in critical temperatures T, of specimens, but there
was not phase transformation happened after irradiated by thermal

neutron.

Kareem Ali Jassim et. al. [2013] [58], studied the influence of
neutron irradiation on the properties of Tl,,Pb,;Cd,,Ba,Ca,Cu;0s
superconductors system which was fabricated by solid state reaction
technique, specimen A prepared without irradiation, but B,C and D
exposed to neutron irradiation of a dose about 6.04 x101°, 12.08 x101°
and 18.12 x101° n/cm?respectively by utilizing?**Am — °Be source .

They found that the critical transition temperature T, ,ffser) decease with

dose increasing from 166K to 113K, 112K, 111K respectively. They also
observed by XRD that the fabricated specimens contain major pure-
phase polycrystalline Ti (Pb,Cd)-1223 and little amount of (Ti -1212),
and specimen A has higher intensity than specimens B,C and D. Lattice
parameter a and ¢, c/a ratio and volume fraction all exhibited decrease

with increasing dose irradiation .
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Nour abdul-wahid[2015]. [59]investigated influence of laser ray
on properties of TI,_,Hg,Ba,_,Sr,Ca,Cuz0,0,5 Superconductor
system, she observed from XRD patterns of specimens before and after
exposed to laser ray that some of specimens exhibited decrease in theirs
c-axis length values while the another exhibited increases in theirs c-axis
length, on the other hand, she observed that the critical temperature of
specimens before and after exposed to laser ray exhibited decreases for
some specimens but another specimens exhibited increases in theirs

critical temperature.

1.14Aim of the work:

The initiation of this work is attributed to two reasons, the first
reason is to try to improve properties of Bi,_,Pb,Sr,Ca,Cup_yNiyOzpiars
superconductor system with (n=2 and 3) by partial substitution of Bi by
Pb and Cu by Ni with different substitution concentration (x, y). The
second reason is to know the effect of different categories of radiation on
the compound that has been prepared, this reason is divided into two sub-
cause, namely, the attempt to improve the characteristics of the
compound that was prepared, the second sub-cause is to provide
sufficient information about the negative consequences that may result
from the expose of the compound, it was prepared for various categories
of radiation (fast neutron radiation, laser radiation and beta particle
radiation). The second sub-cause is the fact that some superconducting
materials are applied in some devices that make them susceptible to
different types of radiation, providing information about the fate of
superconducting materials exposed to radiation, and causing damage.
That will enable designers to overcome these problems by shielding the
superconducting parts to resist the type of radiation exposed to it, or

design the device in appropriate ways to maintain the superconducting
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parts of the radiation beam to maintain its efficiency, especially that since
the efficiency of superconductors is related to the working temperature
(critical temperature) and any drop in the temperature at which the
superconductor works is considered a loss of the efficiency of the

performance of the device.
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Chapter two
High temperature superconductor

2.1 Introduction:

The most important property of high temperature superconductor
HTS substances that its Tc magnitude highest than boiling point of liquid
nitrogen (77K). The chemical compounds of these substances contains
regular repeated manner of several elements atoms, defined as unit cells.
The way by which the HTS was manufactured play important role in limit
the utilization of HTS, it is suitable for utilize in electrical products [5,
60]. In 1988 , Maeda explored Bi-Sr-Ca-Cu-O (BSCCQO) superconductor

system with chemical formula Bi,Sr,Ca,,_1Cu,,05y,+4+s [35, 61].

2.2 Crystal structure of (BSCCO):

The chemical formula of BSCCO compound is Bi,Sr,Ca,_1Cu,0, ,
where n defined as the copper layers number and take the valuen=1, 2,
3. Thus there are three phases of BSCCO [53, 62], the first phase is
Bi,Sr,Cu Og, s, it is popularly known as 2201 phase and has critical
temperature about 10-20K [63] be conditional on oxygen content ,so it
was categorized as very low temperature phase, in this system there is
only one CuO, layer. The second phase is Bi,Sr,CaCa,0g4,5 IS
popularly known as 2212 has critical temperature about 50-95K also be
conditional on oxygen content , there is one layer of Ca between two
CuO0, layers in this phase . The third phase (n=3) is Bi,Sr,Ca,Cu301¢+s
, it is popularly known as 2223 phase has critical temperature about 110k
, there is weak dependence on oxygen content , in this phase there are two
Ca layers between three Cu0, layers as demonstrated in figure(2-1). The
x-ray diffraction explain that the standard lattice parameters have a
magnitudes of a=5.383A, b=5.376 A, and c=24.38A for 2201 phase
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(single crystal), and a=5.395 A , b=5.390 A, and ¢=30.65 A for the 2212
phase(single crystal) , and a=b=5.4 A and c=37 A for the 2223 phase
(polycrystalline). But these magnitudes can vary depending on cation
substitution [64, 65].

Figure2- 1 :Crystal structure of (BSCCO) phases [66].

2.3 Perovskite composition:

The high temperature superconductors were explored in perovskite
compounds, this ceramic compounds compose from joining of metallic
substances which represent cat ions with non-metallic substances which
represent anions such as oxygen. The general form of Perovskite
compounds is ABX;, the metallic substance involves positive charges A
and B cat ions, where A —cat ion has large volume and located in the
center of cube but B-cat ion has small volume and located in each of cube
eight corners. The non-metallic substances involve negative anions which
have small volume and located on the half of each sides of cube (between

two B-cat ions) [67, 1]. The Perovskite usually serve as insulator and
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their atomic structure and atomic orbits are filled. Most Perovskite
compounds are deformed when A-cat ion is smaller than B—cat ion, so
crystal structure inclination may be introduces in the unit cell. The
negative electrons being on one side and the positive charges being on the
other side causing strong polarization. This polarization play important
role in explanation of superconductivity phenomena as demonstrated in
Figure (2-2).

Figure2- 2: Crystal polarization [1].

2.4 The high temperature superconductors theories:

2.4.1 Interlayer model:

There are a lot of compounds consist of CuO, layers in their
structure, the copper-oxide layers in these compounds are sandwiched
around different elements layers. The charge carriers (electrons or holes)
are considered to establish essentially with in copper oxide layers [68,
69]. The movements of superconducting current take place between two
CuO0, layers normal to c-axis direction. The distance between two copper
oxide layers is (dcy,_cy12.14°) this distance larger than the coherence

length (£=4A") but & approximate to magnitude of the distance from BiO
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layer (d,,_c, =4.4 A°). Therefore the super current can translate between

CuO0, layers only by tunneling through the metallic layers [70, 43, 71].

2.4.2 Exition model:

Based on this model, the affective attraction between the electrons
occurs by the exition and not as known by the phonons, and it was
suggested that there are two conduction bands. Allander suggested the
Exition model to understand superconductivity at high temperatures. He
suggested that if the metal was placed in direct contact with a polarized
semiconductor then the metal electrons would react with the inter band
excitation of the semiconductor. As a result of the exchange in these
effective excitation the electron pairing will take place .And certainly,

this will weaken Coulomb's repulsion of the electrons [72, 73].

2.4.3 Plasmon model:

The Plasmon was known as a description of collective vibration of
carriers interest to the lattice. Branch of Plasmon called demon, the
numbers of demons increase in the state of more energy band
overlapping. In the case of existence of double band, this mean there are
double carriers category classified as light and heavy carriers, these two
categories oscillate simultaneously depending on each other [72]. In the
same way by which the phonons exchange, the demons will exchange,
thus the light carriers came from pairs. The attraction created by Plasmon

and ordinary repulsion produce electron-electron interaction.

2.4.4 Oxygen defect model:

Based on this model, the pairing interaction was improved by
combination that takes place between oxygen defects certain structure and
electron of copper pairs, these oxygen defect was suggested to be
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existence with arbitrary distribution in Cu-0, layers of HSC [35, 74]. One
electron strongly pule electrons toward copper ions pairs . at this position
, there is big probability to finding the electrons between two ions with
singlet spin connection .There are a lot of phenomena have been recorded
involve spin glass-like manner support and assure the relation between
oxygen content and superconductor properties. For this reason attributed

the short positron lifetime in superconductors [51, 75]

2.5 Neutron radiation:

The most important characteristic of neutron radiation is that it
does not lose its energy when interacting with electrons, unlike the
reaction of electron radiation with electron, so when superconductor
specimens exposed to neutron radiation there is no loss in neutron energy
during interaction between neutrons and electrons of specimens atoms
shell. The neutron- electron elastic interaction causes atoms shifting from
their original locations in the crystal lattice .when inelastic collision
causes transmitted of enough energy to the primary atoms the point
defect will produce , and some of defect was formed from agglomeration
of point defects because of the knock on movement of secondary
subsequent atoms will take place [72, 76]. The spherical defect of about
5-6 nm will generate because of vacancy domain around agglomerated
defects [77, 72]. There is the homogeneity in distribution of defect
because of high penetrating power of neutron radiation [78, 72] , but this
high power of penetration make the neutrons radiation weak in the

interaction , that is mean needing high dos or long time of neutron

Irradiation [79, 72].
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2.6 Betaradiation:

There are three mechanisms by which the interaction between beta
particles and matter occurs: the first mechanism is the excitation of
electron orbital, in this state the kinetic energy of beta particles is
dissipated. The second mechanism is the ionization which defined as the
phenomena by which the atom or molecular lose electron to produce
positive ion or gain electron to produce negative ion, and the third
mechanism called Bremsstrahlung production which defined as

dissipation of radiative energy [80].

2.7 Laser radiation:

Due to its ability to change the properties of substance which
exposed to its ray, laser radiation utilize under controlled condition. The
absorption happen during irradiation lead to interaction produce between
laser ray and substance, It is also possible to get interaction by excitation
due to high intensity of laser ray. Thus there are electronic and thermal

events associated to irradiation of substance utilizing laser ray [81].
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Experimental work

3.1 Introduction:

This chapter involves explanation of fabrication methods of Bi,_,
Pby STyCay_1Cuy_y NiyOzpys45 COMpound with(n=2 and 3) (x=y=0,
0.2 and 0.4 ), and also involves explanation of measurement ways that
was utilized to investigate several properties like x-ray diffraction (XRD),
measurement of  electrical resistivity as a function of absolute
temperature and Determination of Oxygen Content. The work was
divided into four steps:
1- Materials preparation step.
2- Specimens fabrication step
3- Specimens irradiation step.

4- Tests and measurements step.

3.2 Powders preparation:

The high purity oxide materials were utilized to fabricate (BSCCO)
system, they involve (Bi,0; Pb30,, CaO ,CuO and Ni,03), expect
strontium oxide(SrO) was obtained from strontium nitride (Sr(Nos),)
after making experimental attempts of heat treatments, the best result was
by putting (Sr(Nos),) inside furnace with 900C “for 48 hours with rising
rate(10 C°/min). XRD technique was utilized to insure from the
strontium oxide produced after heat treatment by comparing with
standard card which Issued by International Center for Diffraction data
(ICDD)and has a serial number (00-048-1477 SrO)as illustrated in figure
(3-1):
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Figure3- 1:XRD pattern of obtained strontium oxide(SrO).

3.3 Specimen's fabrication:

Conventional solid state reaction method was utilized in specimens
preparation , the first sub step in this step is mass required calculation by
use the following equation :(2 —x)/2 Bi,0;+(X/3) Pb;0, +2S5rO+(n-1)CaO+(n-
y)CuO+(y/2)Ni, 05 - Bi,_, Pbx STyCa,_1Cu,_, NiyOyppyigys.

The molecular weight of each element was utilized to calculate the

mass of each material required as listed in the table (3-1):
Table3- 1: Atomic weight of utilized powders.

Powder material Atomic Weight ratio
Bi,0; (2-X)/2 [2 (208.9804)+3(15.9994)]
Pb;0, X/3[3*(207.02)+4*(15.9994)]

SrO 2[87.62+15.9994]

CaO n-1[40.078+15.9994]

CuO (n-y)[63.546+15.9994]
Ni, 05 y/2[2*(58.693)+3*(15.9994)]

After calculating the required powder mass, a suitable quantity of
oxides powder of each material of Bi,0; Pb30,, SrO , CaO, CuO and

Ni, 0, was dried utilizing oven under 100C for 1 hour to elimination of
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moisture, and then the sensitive balance with four digits model (KERN)
was utilized weighting the needed quantities of powders.

The powders mixed together with 2-propanol and grinded utilizing
agate mortar for 30 min, and then mixed again by utilize of vortex mixer
for 2 hours to ensure a mixture of homogenized powder and dried again.
The produced powder mixture pressed in form of cylindrical pellets that
have diameter 1.5 cm and 0.2 cm thickness by utilize of hydraulic press
under pressure of 7 ton/cm? (3.56 MPa).

The last step in specimens fabrication is sintering of green pressed
pellets by utilize of furnace at 800C for 120 hour with rate of heating 5
C’/min under normal atmospheric pressure and then the temperature

decreased to room temperature with rate 5 C"/min.

3.4 Specimens fast neutron irradiation:

The fabricated specimens were irradiated by fast neutron irradiation
utilizing thermal neutron source 2*'Am/Be with neutron flux 105
neutron/cm?.sec and energy of 5 MeV for 15 days i.e. (1.296x 101!
n/cm?). The specimens were pasted onto a tape after covering them with
labeled paper and turned around a cadmium ring, then putting this ring
around the source of neutron. The covered specimens and neutron source

box illustrated in Figure(3-2)
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Figure3- 2:Specimens fast neutron irradiation
(a)Specimens taped and labled.
(b)Specimens turned around cadmium ring.

(c)Fast neutron source box.
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3.5 Specimens diode- laser irradiation:

The fabricated specimens were exposed to laser irradiation by
utilize of diode-laser source (red laser dot module focusable) has output
power 150 mW and wavelength of 650 nm. The specimens were placed
15 cm away from the laser source, and one hour time for each specimen.

Figure (3-3) represent real picture of utilized laser source.

Figure3- 3: Specimen laser irradiation.
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3.6 Specimens Beta irradiation:

The fabricated specimens exposed to beta particles irradiation utilize

of 995r /9%y ,Bplane source with activity of 0.75 Ci and dose rate of
2.648*10*Gy/hr. The specimens pasted onto tape after covered by paper
as illustrated in Figure(3-4) placed apart 15cm of a source for 14 days i.e.
the dose was 887.08*108 Gy.

Figure3- 4: specimen taped and labeld to subjected to beta
irradiation

3.7 Tests and measurements:

3.7.1 X-ray diffraction test:

x-ray diffraction analysis was utilized to investigate the crystal
structure of fabricated specimen was type (Shimadzu) has Cuy, source
with 40 kv supplied voltage, 30 mA current, 1.54064 wavelength and
10-80 degree diffraction angle range at the room temperature. The
magnitude of | (arbitrary unit) and 20 (degree) that brought from the
results data was compared with standard cards to find miller indices (hkl)
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magnitude and determine the composed phases. The planes distance d
was calculated utilizing brag law:

nA=2d sin® .......................... (3-1)

Where n: The integer number, A: The sources wave length ( angstrom
unit) , d:The distance separates the crystalline planes(angstrom unit) , o:
The angle was located between the incident beam and diffracted

beam(degree unit).

The lattice parameter a,b and ¢ was calculated utilized the equation
[3-2] by using computer program based on Cohen's least square method
[81].

2 2 2
L e (3-2)

d2 a2 b?2 2

The volume fraction for each phase was estimated utilizing the

following equation [35].

1
vph:z:h‘éﬁ x100%........... (3-3)

Deby sherrer equation was utilized to estimate crystallite size:

Where: t is a crystallite size (hm), K is a constant, A is a wave length, 0 is

an diffraction angle, d full width half maximum (F.W.H.M)(degree unit).

3.7.2 :Resistivity as a function of temperature measurement:

Four — probes technique was utilized to calculate the resistivity as a
function of absolute temperature and determine the temperature at which
the resistivity decreased to zero magnitude which usually called critical
temperature (T,.). This technique involve several parts , the four — probes
involve outer two probes connect to direct current supplier while the

inner two probes connect to Nano voltmeter the four probes get a touch
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with specimen via silver paste . The four probes were installed inside the

cryostat, this cryostat was connected to router pump to make the pressure

inside it approximately equal (6x 10 2mbar), and also jointed to

thermocouple type-K to measure the temperature of the specimen

surrounding. Figure (3-5) and (3-6) represent four probes test diagram

and real image respectively.

Power supply

nano voltmeter

Liquid
nitrogen

Thermometer

Thermocouple
Sample

Linear four points probe

Figure3- 5: Four-probes test diagram.

37



Chapter three experimental work

Figure3- 6:Real image of four probes test.
Liquid nitrogen was added to cryostat to decrease its temperature
to 77K and measure the voltage as a function of temperature. The
resistivity of each temperature was calculated from the magnitude of

voltage at each temperature with aid of relation [5].

Where: | is the current carried along the specimen (mA), V is the
measured voltage between electrodes (mV), t is the pellet thickness (Cm),
L is the length of pellet (Cm), W is the pellet width (Cm).

Since all specimens have constant calculated thickness, length and width,

hence the relation (3-5) can express as:

The estimation of the critical temperature of transition Tc depends
on the curve which represents the relation between the resistivity and

absolute temperature as illustrated in Figure (3-7).
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Tottsey Temid)  Tonsen) T(K)

Figure3- 7: The curve was utilized to determine midpoint of Tc.

The midpoint T.was calculated from relation (3-7) [35].

_TC(offset) +TC(onset)
Tc(mid) - 5 e (3'7)

Where: T¢onseryiS the initial critical temperature, Tcoffser)iS the

temperature at (p = 0) [35].

3.7.3 Estimation of oxygen content:

The oxygen content of fabricated specimens before and after expose
to different categories of radiations were estimated utilizing traditional
chemical method called titration; this method was implemented as
follows:

1- Take the amount of (45 mg) of the sample to calculate the level of
oxygen and to be grinded in an agate mortar.

2- Dissolve 3.17g of potassium iodide (KI) in 2.5 ml of distilled
water.

3- Place the sample powder in a beaker and pour 2.5ml of potassium
iodide (K1) solution in addition to 1.25 mL of hydrochloric acid
HCL with a concentration of 10%, then Mix the powder with these
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6-

7-

two solutions well by place the beaker on a Magnetic stirrer and
put a magnetic bar inside the beaker until it turns dark brown to a
proof of iodine I, release.

Dissolve 0.3g of sodium thiosulfate (Na,S,05) in 20 ml of
distilled water to obtain concentration of approximately (0.015
gm./ml) and put it in a glass burette which set up above the beaker,
then add drops of sodium thiosulfate solution to the beaker until it
turns to light brown.

Dissolve 10g of starch in 100 ml of distilled water and add this
starch solution (C4H1(0s) to the beaker until the mixture becomes
dark blue.

Add sodium thiosulfate solution drops again but slowly until the
solution turns yellow. This is evidence of complete reaction.
Calculation of the volume(V) of the sodium thiosulfate solution

used in the reaction and insert (V) value in the following equation

[1]:

N
=W‘w_;] ....................... (3-8)
M 4 is Molecular weight of the sample compound to calculate its
oxygen content (g / mole), Mg:molecular weight of sodium
thiosulfate solution (Na,S,05) is equal to Mg= 248.18 g / mole,
my,: The sample mass used in the correction process is equal to m,
= 45 mg, C: the concentration of sodium thiosulfate solution is
equal to C = 0.015 g / ml, V: The volume of sodium thiosulfate
solution used in the correction process (ml), M.. Atomic weight of

oxygen is equal to M. = 15.999 g / mole.
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Chapter Four
Results and discussion

4.1 Introduction:

This chapter includes properties description of prepared specimens
of Bi,_4Pb,Sr;Ca;Cu;z_yNiyOzp 4445 System which has two phases n=2
(2212) and n=3 (2223) with substitution concentrations (x =y= 0, 0.2 and
0.4). X-ray diffraction analysis, lodometric titration, and electric
resistivity were studied to determine the best concentration of substitution
and to investigate the influence of different categories of irradiation on

prepared specimens.

4.2 X-ray diffraction analysis results:

4.2.1 Influence of Pb and Ni substitution on structure properties of

(BSCCO)

X-ray diffraction pattern of Bi,_yPb,Sr,Ca Cu,_yNiyOznia4s
specimens with substitution concentrations (x=y=0, 0.2and 0.4) was
illustrated in figure (4-1). It has been observed that all specimens patterns
have multiphase include major high- T, phase 2212 (H-peaks) and minor
high-T, phase 2201 (L-peaks) with orthorhombic crystal structure system.
Clearly there is an increase in peaks intensity associated with increased
concentration of substitution. Software program based on Cohen's least
square method [82] was used to compute lattice parameters a, b and c.
The computed magnitudes of lattice parameters were listed in tables (4-
1), it is noticeable that the c-axis length increased and a-axis and b-axis
decreased with increase of substitution concentrations, this change in

lattice parameters attributed to the difference in ionic radius between
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(Pb*?=1.2 A") and (Bi*3 =0.9 A") [53]and also between (Ni*3=0.78 4")
and (Cu*?= 0.964") [54]. Figure (4-2) illustrated the relation between ¢
and substitution concentration. The difference between substituted ionic
radius and that of original ions produce reducing in unit cell volume, so
the mass density was increased as listed in Table (1-1). Volume fraction
V5,1, Value increased with substitution concentration increase as listed in

table and demonstrated in figure (1-1).

intensity (arb. unit)

T

3|5 40 4|5
20 ( degree)

Figure4- 1:XRD pattern of Bi,_,Pb,sr,Ca Cu,_,Ni,04,sSPECIMENS
(x=y=0,0.2, 0.4).

Table4- 1:magnitudes of a,b,c,c/a ratio,mass density,v2212, v2201 and crystal size of
Bi,_,Pb,Sr;Ca Cu,_,Ni,0,,,4.5 Specime with substitution concentrations (x=y=0, 0.2 and 0.4).

Specimen a b C c/a | volume Pm V on V on Crys.
° ° ° o 2212 2201 H
@ | @ | @ @y | 9 siee
cm3 (nm)
Bi,Sr,Ca Cu,0g,; 5.387 | 5459 3097 | 574 | 910754 [ 1.617 | 78% 21.7% | 35.56

Bi; sPby,Sr;Ca Cu, gNip,0g.5 538 | 5.427 | 31.104 | 5.78 | 908.1515 | 1.623 | 79.2% | 20.4% | 32.21

Bi; o Pb, ,Sr;Ca Cu, Nig,Og.5 | 5.375| 5406 | 31.133 | 579 | 904.639 | 1.625 | 79.3% | 20.1% | 31.37
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0.1 0.2 0.3 0.4
substitution concentration (x=y)

Figure4- 2:The relation between substitution concentration and c-
axis of Bi,_,Pb,Sr,Ca Cu,_yNi,0,,,4,5.SPECIMENS.

volume fraction V.5, 322

0.2 03

substitution concentration

Figure4- 3:The relation between volume fraction (V,p_2212)and
substitution concentration of Bi,_,Pb,Sr,Ca Cu,_yNi,0,,,4,5. SPECIMENS.

X-ray diffraction pattern of Bi,_,Pb,Sr,Ca, Cuz_yNiyOzp1445
specimens with substitution concentrations (x=y=0, 0.2and 0.4) was
illustrated in Figure (4-4). It has been observed that all specimens patterns
have multiphase include major high- T, phase 2223 (H-peaks) and minor
low-T,. phase 2212 (L- peaks), evidently there is an increase in peaks

intensities after substitution. The estimated lattice parameters magnitudes
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were listed in Tables (4-2). It is noticeable that the c-axis length increased
but a-axis and b-axis decreased with increasing of substitution
concentrations. This change in lattice parameters attributed to the same
reason of Bi, ,Pb,Sr,CaCu, ,Ni,0,n,44s SPECIMENS Which above-mentioned,
thus the volume of unit cells decreased, this decrease produce increase in
density as listed in Table (4-2). Figure (4-5) explained the relation
between ¢ and substitution concentration. The volume fraction of H-
peaks (V,n—2223) also listed in Table (4-2), it has been observed that
(Von-2223) increase with increasing of substitution concentrations as

demonstrated in figure (4-6).

intensity (arb. unit )

286 (degree) 5

Figure4- 4:XRD pattern of Bi,_,Pb,sr,Ca,Cu;_,Ni,04,sSPECIMENS With
substitution concentration (x=y=0, 0.2, 0.4)

44



Chapter four

results and discussion

Table4- 2:magnitudes of a,b,c,c/a ratio,volume,mass density, v2212,v2223 and crystal size of
Bi,_4Pb,Sr,Ca; Cuz_yNi, 0,4, 55pecimens.

specimen a(A) | b@’) | c@) | cla | Volume Pm Voh-2223 | Vph-2214 Crys.
A | (glem?) size
(nm)
Bi,Sr,Ca, Cu3049,5 5.439 | 5.4621 | 36.992 6.8 1098.97 1.548 77.1% 22.6% | 40.9009
Bi; ¢Pby4Sr,Ca, Cu, ¢Nip4049,5 | 5391 | 5.383 37.782 | 7.01 | 1096.42 1.556 80% 19.6% 39.034

& 37.782

0.1

0.2

03

substitution concentration

0.4

Figure4- 5: relation between c-axis length and substitution
concentration Bi,_,Pb,sr,Ca, Cu;_,Ni 0,,.,., Of specimens.

volume fraction V,;, 3223

0.2

03

substitution concentration

Figure4- 6:relation between volume fraction V,;,_;2,3 and

substitution concentration of Bi,_,Pb,Sr,Ca Cu,_yNi;05,,4,5SPECIMENS.
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4.2.2 Fast neutron influence on structure of fabricated specimens:

The influence of irradiation by fast neutrons using 2*'Am/Be
source with energy of 5 Mev and flux of 10° neutron/Cm?.sec, for two
weak (1.296*101neutron/cm?) on structure of Bi,_,Pb,Sr;Can_y Cun_yNiyOznrass
(n=2 and 3, (x=y=0, 0.2 and 0.4) were investigated by x-ray diffraction.
The results of XRD after irradiation demonstrated that there is no phase
transformations take place for all specimens' structures, where the
irradiated specimens found that it had an orthorhombic structure like the
non-irradiated specimens. All samples structures undergo a change in the
lattice parameters after irradiation lattice distortion produced by
irradiation [72]. The changes happened in structure due to fast neutron

irradiation it will be written in the form of points:

1-XRD pattern of irradiated Bi,_Pb,Sr,Ca,, Cu,_,Ni;Og, s SPECIMENS
was illustrated in Figure (4-7). There is very small shift in the peaks
position and increase in peaks intensities of Bi,sr,cacCu,0q4,5 SO high-
T phase volume fractionV,,_,,,3 was increased after irradiation as listed
in Table (4-3). While Bi, 4Pb,,Sr,Ca Cu;gNiy,05,5 @NA Bi; ¢Pby4Sr,Ca Cuy ¢Nig40g.s
specimens exhibit decrease in peaks intensities. The calculated lattice
parameters were changed after irradiation as listed in Table (4-3), where
a-axis and b-axis were change and C-axis was increased, this increase
attributed to movement of oxygen atoms to crystal surface causing
increasing in Cu-O bond length [72, 83]. The volume of unite cell change
due to lattice parameters change, thus the density affected by fast neutron

irradiation as listed in Table(4-3)

2-XRD pattern of Bi,_,Pb,sr,Ca, Cu;_yNi,0,,,5 IS illustrated in Figure
(4-8). It is noted that the peaks exhibit very small shifting toward lower

angles, and the intensities of peaks was decreased after exposed to fast
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neutron irradiation for all specimens. Results of estimated lattice
parameters before and after irradiation were involved in Table (4-3), it is
found there are changes in a-axis and b-axis for all specimens. And c-axis
of Bi,Sr,Ca, Cu;0,,,5 INCreases due to movement of oxygen atoms to crystal

surface causing increasing in Cu-O bond length[72,83].

While  c-axis of  Bi; gPby,Sr,Ca,Cu,gNig,04045 and
Bi; ¢Pb, 4Sr,Ca,Cu, ¢Nig 401045 SPecimens exhibit decrease in theirs length,
these decreases attributed to ability of neutron to penetrate the surface of
layers causing oxygen atoms to displaced [72], thus the volume of unit
cell and density affected, and theirs values were listed in Table (4-3). The
volume fractionv,, of high temperature phase was decreased as listed in
Table (4-3). Crystallite size also affected after fast neutron irradiation as
listed in Table (4-3).

Table4- 3:magnitudes of lattice parameters, c/a ratio,volume,mass
densityn v2212,v2223 and crystal size for all specimens after
irradiated by fast neutron.

Specimen(n) a(A) | ba’) | c&’) | c/a | Volume| p, |V- Crys.
(9/cm?®) | Hpeak size

(nm)

Bi,Sr,Ca Cu,0g,5 5.372 | 5.413 | 30.981 | 5.767 | 900.88 1.638 78.8% 34.6

Bi, gPbg,S1;Ca Cuy gNig,0g:5 | 5415 | 5391 | 31.12 | 5746 | 90846 | 1.622 | 77.6% | 32.439

Biy o Pbg 4S13Ca Cu; ¢Nig,Og:5 | 543 | 538 | 3131 | 5766 | 91467 | 1.607 | 785% | 33.056

Bi,Sr;Ca, Cuz0q0s5 5437 | 5.432 [ 37.154 | 6.833 | 109729 | 1544 | 75.2% | 39.719

Bi; gPby ,ST,Ca,Cu, gNig,010.5 | 5437 | 5.441 [ 37.218 | 6.84 | 1101 | 1.54867 | 77.3% | 41.052

Bi; (Pb4ST;Ca, Cuy¢Nig400.5 | 5412 | 5.4351 | 37.322 | 6.89 | 1097.8 | 1.55195 | 77.5% | 39.838
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Figure4- 7:XRD patterns of Bi,_,Pb,sr,Ca Cu,_,Ni,04,5 SPECIiMeNS after
exposed to neutrons irradiation (a:x=y=0),(b:x=y=0.2),(c:x=y=0.4).
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Figure4- 8:XRD patterns of Bi,_,Pb,Sr,Ca, Cu;_4Ni, 04,5 SPECIMENS after

exposed to fast neutron irradiation
(a:x=y=0),(b:x=y=0.2),(c:x=y=0.4).
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4.2.3 Laser influence on structure of fabricated specimens:

The influence of diode — laser irradiation on the structure properties
of Bi, ,Pb,Sr,Ca, Cu,_,Ni,05,s COmMpound with substitution concentration
(x=y=0, 0.2 and 0.4) was investigated utilizing XRD analysis. Results of
XRD explained that there are no phase's transformations take place after
laser irradiation, where the irradiated specimens have orthorhombic
crystal structure too, but there are changes in peaks intensities and
estimated lattice parameters were noted. The changes happened in

structure due laser irradiation, it will be written in the form of points.

1-XRD pattern of Bi,_,Pb,Sr,Ca Cu,_yNi,Og.s Specimens with
substitution concentration (x=y=0, 0.2 and 0.4) was illustrated in Figure
(4-9).1t is noted that Bi,Sr,Ca Cu,0g4,5 undoped specimen (x=y=0) exhibits
a small shift in peaks positions toward lower angles and clear increase in
peaks intensities after irradiation and increase volume fraction of highT,
phase V,,_5212, this indicates the improvement of crystalline structure
[59]. The calculated lattice parameters were listed in Table (4-4), a-axis
and b-axis exhibit change due to irradiation. C-axis length shows increase

after irradiation.

For Bi; gPbg,Sr,Ca Cuy gNig 05,5 Specimen (x=y=0.2) XRD pattern
exhibits small shift in peaks positions toward higher angles and peaks
intensities increase by magnitude small than that of (x=y=0). The volume
fraction V,,_5,1, Shows increase in its value, this is also evidence of
improved crystal structure [59]. a-axis and b-axis changed in addition to
increase in c-axis length as listed in Table(4-4). The crustal structure was
improved may attributed to thermal treatment caused by absorption of
laser ray.
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For Bi, ¢Pbg¢Sr,Ca Cuy ¢Nip40g.5 Specimen (x=y=0.4) XRD pattern
exhibits small shift in peaks positions toward higher angles and a
decrease in peaks intensities. Unlike other specimens, the volume fraction
Von—2212 Shows decrease in its value, indicating the irregularity in crystal
structure caused by irradiation. A-axis and b-axis changed in addition to
decrease in c-axis length as listed in Table (4-4). The volume of unit cell
values changed as lattice parameters change, thus the density of all

specimens also affected by laser irradiation

2-XRD pattern of Bi,_4Pb,Sr,Ca; Cuz_yNiyO19,5 SpPeCimens with
substitution concentrations (x=y=0, 0.2 and 0.4) were shown in Figure (4-
10). It is observed that Bi,Sr,Ca, Cu;0,9,5 undoped specimen (x=y=0)
exhibits a small shift in peaks positions toward lower angles and increase
In peaks intensities after irradiation and increase volume fraction of
highT, phase Vy,,_5,,3, this indicates the enhancement of crystalline
structure. The calculated lattice parameters were listed in Table (4-4), a-
axis and b-axis change after irradiation. C-axis length shows increase

after irradiation.

For Bi, gPb,,Sr,Ca,Cu,gNiy,05,sSpecimen (x=y=0.2) XRD pattern
exhibits small shift in peaks positions toward lower angles and peaks
intensities decrease. The volume fraction V,,,_,,,3 shows decrease in its
value because of irregularity in crystal structure produced by irradiation.
A-axis and b-axis changed in addition to decrease in c-axis length as
listed in Table (4-4).

FOY Bll6PbO6SI‘2Ca2 Cu26N10408+5 SpeCimen (X=y204) XRD
pattern shows small shift in peaks positions toward lower angles and an
increase in peaks intensities. The volume fraction V,,_;,,3 shows

increase in its value. A-axis and b-axis changed in addition to increase in
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c-axis length as listed in Table (4-4). The increase in high-T, phase

attributed to the same above mentioned reasons of enhanced some of

(n=2) specimens after exposed to laser ray.

Table4- 4:Magnitudes of lattice parameters,c/aratio,volume,mass density, volume fraction of high
peaks,and crystal size for all specimens after exposed to laser ray.

Specimen(n) a(A) | b) | c@ cla | Volume |p,, Crys.

A")3 (g/em® Vu_peaks [ize
(nm)
Bi,Sr,Ca Cu,0g,5 5.363 | 5.423 30.995 | 5.779 001.44 1.637 79% | 34.408
Bi, gPb, ,Sr,Ca Cuy gNig,0g.s 5373 | 5.418 | 31.161 | 5.799 | 907.12 1625 | 79.7% | 31.947
Bi; ¢Pbg4Sr,Ca Cuy¢Nig40g.5 5421 | 5.463 | 30.989 | 5.716 917.73 1.602 77.4% | 36.644
Bi,Sr,Ca, Cuz010.s 5431 | 5429 | 37.209 [ gg5 | 10971 | 1562 | 78.9% | 39.139
Bi; Pby, ST, Ca,Cu, gNig 201045 5453 | 5461 | 37512 | 6.88 | 1117.063 | 1522 | 78% | 41.752
Bi; ¢Pbg 4Sr;Ca, Cu, gNip 404045 5.245 | 5.221 37919 | 7023 | 1038379 | 1.644 80.1% | 38.052
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Figure4- 9:XRD pattern of Bi,_,Pb,Sr,Ca Cu,_,Ni,0g, sspecimen after
exposed to laser irradiation (a:x=y=0),(b:x=y=0.2),(c:x=y=0.4).
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Figure4- 10:XRD pattern of specimens after exposed to laser irradiation
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4.2.4 influence of Beta irradiation on structure of fabricated

specimens :

The influence of beta particles irradiation on the structure
properties of Bi,_,PbySr,Ca, Cu,_yNi;Og,s compound with substitution
concentration (x=y=0, 0.2 and 0.4) was investigated utilizing XRD
analysis. Results of XRD explained that there are no phase's
transformations take place after beta-particles irradiation, where the
irradiated specimens have orthorhombic crystal structure too, but there
are changes in peaks intensities and estimated lattice parameters were
noted. The changes happened in structure due beta irradiation. It will be

written in the form of points.

1-XRD pattern of Bi,_,Pb,Sr,Ca Cu,_yNi,Og,s Specimens with
substitution concentration (x=y=0, 0.2 and 0.4) was illustrated in Figure
(4-11).1t is noted that Bi,Sr,Ca Cu,0g4,5 undoped specimen (x=y=0)
exhibits a small shift in peaks positions toward lower angles and increase
in peaks intensities. Volume fraction of highT; phase V,,_,,1, has
increased. The lattice parameters was calculated after expose to beta-
particles and listed in Table (4-5), a-axis and b-axis exhibit change due to

irradiation. C-axis length shows increase after irradiation.

For Bi, gPb,,Sr,Ca Cu, gNij,0g,5 Specimen (x=y=0.2) XRD pattern
exhibits small shift in peaks positions toward higher angles and peaks
intensities increase by magnitude small than that of (x=y=0). The volume
fraction V,,_,,1, shows small increase in its value, this is also evidence
of improved crystal structure. a-axis and b-axis change in addition to
increase in c-axis length as listed in table(4-5).
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For Bi, ¢Pbg¢Sr,Ca Cuy ¢Nip40g.5 Specimen (x=y=0.4) XRD pattern
exhibits small shift in peaks positions toward higher angles and a
decrease in H-peaks (2212) intensities and decrease in L-peaks(2201)
intensities . Unlike other specimens, the volume fraction V,;_,,1, shows
decrease in its value, indicating the irregularity in crystal structure caused
by irradiation. A-axis and b-axis change in addition to decrease in c-axis
length as listed in Table (4-11)

2-XRD pattern of Bi,_4Pb,Sr,Ca, Cuz_yNiyO1945 SpPeCimens with
substitution concentrations (x=y=0, 0.2 and 0.4) were shown in Figure (4-
12). It is observed that Bi,Sr,Ca, Cu;0,,,5 undoped specimen (x=y=0)
exhibits a small shift in peaks positions toward lower angles and increase
in peaks intensities after irradiation and increase volume fraction of
highT, phase V,,_5,,3, this indicates the enhancement of crystalline
structure. The calculated lattice parameters were listed in Table (4-5), a-
axis and b-axis change after irradiation. C-axis length shows increase

after irradiation.

For Bi, gPb,,Sr,Ca,Cu,gNiy,05,5Specimen (x=y=0.2) XRD pattern
exhibits small shift in peaks positions toward lower angles and peaks
intensities increase. The volume fraction V,,_5,,3 shows increase in its
value. A-axis and b-axis change in addition to decrease in c-axis length as
listed in Table (4-5).

For Bi, ¢Pb, Sr,Ca, Cu,gNip 40,5 Specimen (x=y=0.4) XRD pattern
shows small shift in peaks positions toward higher angles and an increase
in peaks intensities. The volume fraction V,,,_,,,3 shows increase in its
value. A-axis and b-axis change in addition to increase in c-axis length as
listed in Table(4-5).
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changes of a-axis, b-axis and c-axis length of beta irradiated
specimens because beta particles interact with substance by ionization,
excitation of electron orbital or bremsstrahlung mechanisms, thus the
interaction may change of electrons in to anti bonding orbital. The change
in electrons in to anti bonding orbital produce change in Cu-O bond
length (increase or decrease) [5].

Table4- 5:magnitudes of lattice parameters,c/a ratio,volume,volume fraction of
high peaks,mass density and crystal size for all specimens after exposed to beta

irradiation.
Specimen(n) a(d”) | b(A’) | C(A") | cla | Volume | Vy_peqrs | Pm | Crys.
43 (@/em” | gize
(nm)
Bi,Sr,Ca Cu,04, 5 5.372 | 5.432 | 31.051 | 578 | 906.09 79.76% 1.63 | 31.834
Bi; gPb,,Sr,Ca CuqgNig,0g,5 5391 | 5409 | 31.121 | 577 | 907.48 79.4% 1.62 | 31.997
Bi,Sr,Ca, Cuz 04,5 5.43 5.409 | 37.112 77.5% 1.57 | 37.074
6.83 | 1090.01
Bi; ¢Pbg 4ST;Ca, Cuy gNig 404045 5.383 | 5.372 | 37.945 81% 1.55 | 39.712
7.04 | 1097.27
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Figure4- 11:XRD diffraction pattern of Bi,_,Pb,Sr,Ca Cu,_,Ni,Og, sspecimen
after exposed to beta irradiation (a:x=y=0)(b:x=y=0.2)(c:x=y=0.4).
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Figure4- 12:XRD pattern of Bi,_,Pb,Sr,Ca,Cuz_,Ni,0g, sspecimens after
exposed to laser irradiation (a:x=y=0),(x=y=0.2),(c:x=y=0.4).
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4.3 lodometric Titration:

Oxygen content was calculated in fabricated samples before and
after irradiation by different categories of irradiation by lodometric
titration method. The results showed that there is a close correlation
between the critical temperature and the oxygen content as shown in the
tables of results. This correlation was observed by the results of critical
temperature and oxygen content, which may attributed to that the increase
of oxygen atoms in the Cu-0, layers leads to the creation of holes in the
Cu-0, sheet resulting in a reduction of the length of the Cu-0, bond, so it
can be observed that the increase in oxygen content (§) can generate
increase in critical temperature, and there is optimum magnitude of
oxygen content (8) at which the critical temperature achieve a highest
magnitude. From the results of Table (4-6) it is possible to observe that
there is an increase in the oxygen content associated with the increase of
the substitution concentration (x, y) for each (n) value, this increase is due
to the fact that the replacement of (Bi*3) by lead ion (Pb*?) effects on
charge balance oxygen content [53,84] and the copper(Cu*?) replacement
by nickel (Ni*3)already act on alter oxygen content values by carry more
charge to Cu-0,layers causing oxidation some of Cu atoms to(Cu™*3).
Presence of Cut?/ Cu*3® hybrid situation produce improvement of

superconductivity [35,85].
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The results of iodometric test after specimens exposed to fast neutron

irradiation explained that there are decreases in oxygen content of

(Biy gPbg2SryCa Cuy gNig20g45), (Big 6Pbg4SraCa Cug gNig40g45 ), (BizSryCa; Cuz Oq945)

(Bi; gPbg,SryCa, Cu, gNip 04945 ) and ( Big gPbg 4SryCa, Cuy gNig 404045 ), as
listed in Table (4-6), these decreases attributed to the fact that the neutron
Is able to penetrate the surface of layers and thus the oxygen atoms
displaced [72]. It can be observed from Table (4-6), that Bi,Sr,Ca Cu,0g,5
Exhibit increase in its oxygen content value after fast neutron irradiation
due to rising of temperature as a result of thermal impact caused by
irradiation [72].

The results of iodometric test after laser irradiation explained that

OXygen Content Of BiZSI‘ZCa Cu203+5, BiI.SPbO_ZSI‘ZCa Cul_gNi0.208+5,

Bi,Sr,Ca, Cuz0;9.5 ,and Bij ¢Pbg4Sr,Ca, Cuy ¢Nig 404045 SPECIMENS  exhibit-
ed increases, these increases may attribute to specimens temperature
increase during laser irradiation causes specimens thermal treatment, and
these increases caused increase high T, phase volume fraction as showed
in  XRD patterns. While Bi; (Pby4Sr,Ca Cu; ¢Nip,O0g.5 and
Bi, gPb,,Sr,Ca, Cu, gNig, 04045 SPeCimens exhibit decrease in theirs oxygen
content values after laser irradiation because that laser ray may be cause
Break some of the bonds in the cu-o plane Perovskite structure, which

directly affects the content of oxygen.

Results of iodometric test after specimens exposed to beta
irradiation explained that (Bi,Sr,Ca Cu,0g.5), (BiygPbg,SroCa CuygNig,0g4s),
, (Biy gPbg 2Sr;Ca, Cuy gNig 201945 ) ( BipsPbg4SraCay CuygNig 401045 )and
(Bi,Sr,Ca, Cus049,5) Specimens exhibited increasing in theirs oxygen
contents values after exposed to beta irradiation, these increases may

attributed to ability of beta particles to interacts with substance by
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ionization, electron orbital excitation or bremsstrahlung interaction
mechanism [80], these interaction caused improvement of crystal
structure or cause electrons structure change, so oxygen contents were
enhanced as listed in Table (4-6), while these interactions play negative

role with Bi; ¢Pby,Sr,Ca Cu;¢Nip,0g.5, Where the oxygen content

decreased after beta irradiation of this specimens.

Table4- 6:Magnitudes of oxygen content for all specimens before and after
exposed to fast neutrons irradiation, laser irradiation and beta irradiation.

specimen Oxygen Oxygen Oxygen Oxygen
content(é) | content content content
before (8) after | (&) after | (&) after
irradiation fast laser beta
neutron | irradiation | irradiation
irradiation
Bi,Sr;Ca Cu,0g.; 0.04185 0.053491 0.05872 0.1095
Bi; gPbo,Sr;Ca CuygNig,04.5 0.04924 0.03739 0.06418 0.06719
Bi; 6Pbo4SrzCa CuyNig40g.5 0.06092 0.039817 0.04824 0.0328
Bi,Sr;Ca; Cuz049.5 0.39194 0.19835 0.50165 0.4387
Bi; gPby 2Sr;Ca; Cuz gNip 201045 0.4192 0.2693 0.118 0.5601
Bi; Pbo4Sr;Ca; Cu, 6Nig 401045 0.4237 0.3016 0.4619 0.5295

4.4 Results of electrical properties of prepared specimens:

4.4.1 Influence of Pb and Ni substitution on electric properties of

(BSCCO):

Four probes technique was used to estimate the critical
temperature T, of prepared specimens to determine the substitution
concentration which has higher T, and also to investigate the influence of
different categories of irradiation on critical temperature of prepared
specimens.  Critical results  of

temperature T, Measurement
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Bi,_,Pb,Sr,Ca Cu,_,Ni,Og,s (2212) @NA Bi,_,Pb,Sr,Ca, Cus yNiy010,5 (2223) SPECimens

results and discussion

with substitution (x=y=0, 0.2 and 0.4) explained that there are increases

in T. with increase of substitution concentration for both systems (2212

and 2223). These increases take place because the partial substitution of
Bi by Pb atoms allows to prepares of high-T, phase with the variation of

Cu valence from 2*to3*, where the quantity of Cut3ions play important

role in determine of T,. Moreover, the partial substitution increases the

tolerance factor and causes the enhancement of the chemical stability so

that the superconducting properties are affected [53] [69] [86]. Figure (4-
13) (4-14) illustrate absolute temperature vs. electrical resistivity of
(2212) and (2223) respectively.

Tabled- 6: Magnitudes of critical temperatures of all specimens before irradiated.

SpeCi men Tc(offset) Tc(onset) Tc(mid)
Bi,Sr,Ca Cu,0g, 5 85 97 92
Bi; gPbg;Sr;Ca CuygNig,0g.5 88 108 08
Bi; ¢Pbg 4Sr;Ca Cuy¢Nig403,5 93 109 101
Bi,Sr,Ca, Cuz 049, 111 117 114
Bi; gPbg 2S1;Ca, Cuy gNig2010.5 115 117 116
Biy ¢Pbg 4Sr2Ca; Cuz ¢Nig 401045 117 140 128
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Figure4- 13:Absolute temperatur vs. electrical resistivity of
Bi,_,Pb,Sr,Ca Cu,_,Ni,0g, sSpPECimens with substitution concentration
of (x=y=0,0.2 and 0.4).
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Figure4- 14: Absolute temperature vs. electrical resistivity of
Bi,_,Pb,Sr,;Ca,Cuz_,Ni, 04, 5SpECIMENS With substitution
concentration(x=y=0,0.2 and 0.4).
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4.4.2 Results of fast neutron effect on critical temperature of

fabricated specimens:

Four probes test results explained that Bi,_,Pb,Sr,Ca Cuy,_yNiyOg,s
with (n=2 and 3) specimens with substitution concentration (x=y=0, 0.2
and 0.4) exhibited changes due expose to fast neutrons irradiation, where
it is noted that Bi,Sr,Ca Cu,0g,5 undoped specimen (x=y=0) exhibits
increase in its critical temperature by approximately 7K after expose to
fast neutron radiation. Thermal impact happened during irradiation, the
increase of temperature may improve the superconducting phase and the

T, increased as a result of this improvement [72].

For  Bi, ¢Pby,Sr,Ca Cu, gNig 20445, Biy ¢PbgsSryCa Cuy ¢Nig40g45, BipSraCa, Cuz0qg4s
Bi; gPbg,Sr,Ca, Cuy gNig 01045 aNd  Bij ¢Pbg4SryCa, CuygNig 01045 SPECIMENS
the results explained there are decreases in their T, after exposed to fast
neutrons irradiation by approximately 7K ,9K,6.5K,6.5K and 7K
respectively as illustrated in Figures(4-15)(4-16) and listed in Table (4-8).
These decreases attributed to oxygen content magnitude changing which
located in small point defects (oxygen vacancies) and irradiation may
damage bond in Cu-O plane, another reasons are shifting of some atoms
in the crystalline lattice as a result of consecutive beatings due to cluster
defects and the concentration of overlapping defects, and the damage of

weak link between grains due to irradiation [58,72, 87].
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Table4- 7:Magnitudes of critical temperature of all specimens after fast neutron

irradiation.
SpeCi men Tc(offset) Tc(onset) Tc(mid)

Bi,Sr,Ca Cu,0g,5 92 108 100
Bi; gPby,Sr,Ca CuygNip,05.5 83 108 08
Bi; ¢Pbg 4Sr;Ca Cuy¢Nig40g45 85 93 89

Bi,Sr,Ca; Cuz04945 104.5 119 114
Bij gPbg 2S1;Ca, Cuy gNip 201045 108.5 117 112.5
Bi; ¢Pbg 4Sr;Ca; Cu; ¢Nip4010+5 110 117 113.5
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Figured- 15: Absolute temperature vs. electrical resistivity of
Bi,_.Pb,Sr,Ca Cu,_,Ni, 03, sspecimens after exposed to fast neutron
irradiation with substitution concentration (a:x=y=0)(b:x=y=0.2) and x=y=0.4).
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4.4.3L aser ray effect on critical temperature of fabricated SpeCIMens:

Four probes test results explained that Bi, ,Pb,Sr,Ca,_; Cuy_yNiyOznyass
(n=2and3) specimens with substitution concentrations (x=y=0, 0.2 and
0.4) exhibited changes due expose to laser ray, where it is noted that
Bi,Sr,Ca Cu,0g, 5 BijgPbg,Sr,Ca Cuy gNig,0g4s, BipSTyCay Cuz0y9ss QNG Bi, (Pby,Sr,Ca, CuyeNig4Os0rs
specimens exhibits increase in its critical temperature by approximately
7K, 5K, 11K and 2K respectively after expose irradiation as illustrated in
Figures (4-17) and (4-18). These increases may be happened because that
the crystalline structure of the specimen’'s compound continues in the
state of uniformity produce increase in C-axis length which enhances T,
[59]. This means that laser irradiation serves as thermal treatment source,
so the oxygen content increased as explained in iodometric test, and
enhanced crystal structure as illustrated in x-ray diffraction test, where
volume fraction V,,, of high T, phase (2212) in (n=2) specimens and 2223
in (n=3) specimens), so critical temperature increased as explained in a

result.

For  Bi; ¢Pbg4Sr,Ca Cuy ¢NipgOgys and Bi; gPbg,SryCa, CuygNig 201046
specimens show decreases in theirs T. by approximately 10k and 16k
after exposed to laser irradiation as illustrated in Figures (4-17) and (4-
18). These decreases may attributed to crystal structure of high T, phase
uniformity was missed and low T, phases (2201) in (n=2) specimens and
2212 in (n=3) specimens) as demonstrated in x-ray diffraction results due
to decrease in oxygen content as explained in lodometric test result which

play important role in T, decrease.
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Table4- 9:Magnitudes of critical temperatures of all specimens after exposed to laser ray.

SpeCi men Tc(offset) Tc(onset) Tc(mid)
Bi,Sr,Ca Cu,0g, 93 98 o5
Bi; gPbg 2Sr;Ca CuygNig203.5 95 108 101
Bij ¢Pbg 4Sr;Ca Cu; ¢Nig40s,5 87 94 90
Bi,Sr,Ca; Cuz04¢,5 122 130 126
Biy gPbg ;Sr;Ca; Cuz gNig 201045 99 117 108
Biy ¢Pbg 4Sr2Ca; Cuz 6Nig 401945 119 140 129
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4.4.41nfluence of Beta irradiation on critical temperature of

fabricated specimens:

Four probes test results explained that Bi,_,Pb,Sr,Ca,_; Cup_yNigOzniass
(n=2and3) specimens with substitution concentrations (x=y=0, 0.2 and
0.4) exhibited changes due expose to beta irradiation, where it was noted
that Bi,Sr,Ca Cu, 04,5, Bi; gPby,Sr,Ca Cu; gNip 04,45, Bi;SroCa, Cuz0145
Bi; gPbg,Sr,Ca, Cuy gNig,0104s AN Biy Pbg 4Sr,Cay Cuy gNig 404045 SPECIMENS
exhibits increase in theirs critical temperatures by approximately 5K, 5K,
6.5K,2K and 7K respectively after expose to beta particles as illustrated
in Figures (4-19)and(4-20). These increases attributed to improvement of
oxygen content as explained in lodometric test results, thus high T,
volume fraction phase (2212-phase in (n=2) specimens and 2223-phase in
(n=3) specimens) was enhanced as illustrated in Xx-ray diffraction

analysis.

For Bi, ¢Pbg4Sr,Ca Cuy ¢Nigg0g.5 SPeCimen show decrease in its T,
by approximately 10k after exposed to beta particles as illustrated in
Figure (4-19). These decreases attributed to decrease in oxygen content
which was observed in lodometric test results, thus the low T,.-phase
volume fraction (2201-phase in (n=2) specimens and 2212-phase in (n=3)

specimens) was decreased.

Table4- 10:Magnitudes of critical temperature of all specimens after exposed to beta irradiation.

SpeCi men Tc(offset) Tc(onset) Tc(mid)
Bi,Sr;Ca Cuy 04,5 98 109 103.5
Bi; gPbg ;Sr;Ca CuygNig203.5 96 119 107.5
Bi; ¢Pbg4Sr;Ca Cuy¢Nig403.5 84 98 91
Bi,Sr;Ca; Cuz0y945 117.5 122 120
Bi; gPby 2S1;Ca, Cuy gNig 201945 126 135 130.5
Biy ¢Pbg 45r;Ca; Cuz 6Nig 401945 124 140 132
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The magnitudes of critical temperature T¢(,rrser) OF all fabricated

specimens before irradiation, after fast neutron irradiation, after laser

irradiation and after beta irradiation were listed in table (4-11) to make

the comparison between the influence of all utilized categories of

irradiation on fabricated specimens easier and more clear .

Table4- 11:Magnitudes of critical temperature T, ¢rsery OF all specimens before irradiation, after
fast neutron irradian, after laser irradiation and after beta irradiation.

specimen Tcoffsery | Tecoffsety | Tcoffsety | Tecoffset)
before after fast after after beta
irradiatio | neutron laser irradiatio
n irradiatio | irradiatio n
n n

Bi,Sr,Ca Cu,04_ 85 92 03 98

Bi; gPbg ,Sr,Ca Cuy gNig ;04,5 388 83 95 96

Bi; ¢Pbg 4Sr,Ca Cuy ¢Nig 404, 5 93 85 87 84

Bi,Sr;Ca; Cu30q945 111 104.5 122 117.5
Bi; gPbg ,Sr,Ca, Cu, gNig 5049, 115 108.5 99 126
Bi; ¢Pbg 4Sr,Ca; Cuy ¢Nig 4049, 117 110 119 124
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Chapter Five

Conclusions and future works

5.1 Conclusions:

After reviewing the results of the various tests and their

interpretation and discussion it is possible to deduce the following

facts:

1-

2-

Pb and Ni substitution have very important role in improve the
superconductivity of Bi,_,Pb,Sr,Cay—1Cty_yNiyOqgpigrs SYSEM.

The best substitution concentration is (x=y=0.4) for both (n=2) and
(n=3) phase, where the critical temperature achieve to 93K and
117K at this concentration for (n=2) and (n=3) respectively.

The  optimum  oxygen content value is  (0.4237)
TOr Bi, 4Pby 4S7,Ca,Cuiy ¢Nig4Osnsaro -

X-ray diffraction patterns explained that all fabricated specimens
have orthorhombic crystal structure and there are changes in
magnitude of lattice parameters due to replacement of Bi and Cu by
Pb and Ni.

Fast neutron irradiation has a negative influence on
superconducting properties of Bi,_,Pb,Sr,Cay_1Cup_yNiyOynisss With
both two n values and all substitution concentrations expect
Bi,Sr,Ca Cu,04,,SpeCimen exhibited enhance its superconductivity,
where it exhibited increase in its T, value, while all other five

specimens exhibited decreases in theirs critical temperature .
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6-

Laser irradiation improve superconducting properties of some
specimens and inhibit that of other specimens, where
Biy_yPb,S7,Cay_1Ctty_,Niy0ypiave WIith both two n values and all
substitution concentrations improved, eXpect Bi,¢Pby,SrCa CuygNigaOgiq
and Bi, gPby,Sr,Ca,Cu, gNig,01044, Where they exhibited decrease in
theirs T, values, while all other four specimens exhibited increases
in theirs critical temperature.

Beta irradiation enhances superconducting properties of
Biy_yPb,ST5Cay_1Ctty_,NiyOppiave  With both two n values and all
substitution concentrations expect Bi, ¢Pby 4Sr,Ca Cu, ¢Nig 40,4, Where
it exhibited decrease in its T, values, while all other five
specimens exhibited increases in theirs critical temperature.

Future works:

1- Study influence of gamma irradiation on properties of
Bi,_Pb,Sr;Cay_1Cuiy_yyNiyOpp 444, SUPErcONductor system.
Study influence of thermal neutron irradiation on properties of
Biy_xPb,SryCa,_1Cuy_yNiy, 05y 444, SUpErconductor system.
Study the influence of fast neutron, laser and beta irradiation on
critical current density of Bi,_,Pb,Sr,Can_1Cuy_yNiy0ppisse
superconductor system.
Study the influence of fast neutron, laser and beta irradiation on
critical dielectric properties of Bi, ,Pb,Sr,Can_1Cuy_yNiyOgpisro
system at room temperature.
Study the influence of fast neutron, laser and beta irradiation on
mechanical properties of Bi,_,Pb,Sr,Can_1Cuy_yNiyOspisig

superconductor system.
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