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Abstract:

The partial substitution effect of Tl,sr on the structure & electrical properties of high temperature Bi, TIx Ba,., Sry Ca,
Cuz Og+5 Super conductor have been studied these compounds have been prepared using the solid state reaction method,
have been investigated where x=0, 0.05, 0.1, 0.2 & y=0, 0.1, 0.2, 0.3

X-ray diffraction showed that the structure with tetragonal phase with a=b=5.43A° C=34.18A° with Tc=123K. where
x=0, y=0, but where x=0.05, y=0, the structure remains tetragonal with increasing in c-parameters to 34.81A° with
Tc=128K, on the other hand, when x=0.1, 0.2 the structure has been found that the orthorhombic structure with
Tc=100K.[9]

It is observed that the system with Y=0.1, 0.2, 0.3 the structure remained as it was and the critical temperature
decreased from 123K to 110K.

By substituting x and y together, the best structure was at x=0.05, y=0.1 with increasing in critical temperature from
123K to 140K due to increasing in the volume of lattice or by intergowths of a large number of Cu-O layer in the cell

that leads to raise [7,8] Tc.

Introduction:

The discovery of superconductivity between 7K and 22K
in Bi-Sr-Cu-O compound has been reported by Michel et
al 1987[1]. Sheng and Hermann [2] discovery of high
temperature in the TI-Ba-Cu-O system was initially
overshadowed by the break throughs in the Bi-Ca-Sr-Cu-
O system.

Sabah et al (1998)[3] were found that Pr substitution in
high temperature TI-Ba-(Ca, Pr)-Cu-O superconductor,
and explained that the increasing the relation of Pr in the
compound to 0.3 will increase the ratio of oxygen which
affect on the concentration of the charge carrier.
Mohamad et al (2002) [4] were studied the effect of Hg
effects as a partial substitution for Tly,,3 compounds.

The effect of partial substitution of TI & Sr on the
structure & electrical properties are investigated in this
paper on the high temperature Bi,.x Tly Bay.y Sty Ca, Cus
O+ SUperconductors.

Experimental:

The high temperature Bi,« Tl Ba,.y Sry Ca, Cuz Ojg45
superconductors samples were prepared from the starting
of high purity material of Bi,O3, Tl,03, B,CO3, CaCOs,
Sr(NOs), and CuO with molar ratio of 2:2:2:3 due to the
atomic weight.[11,8]

The high purity powder is well mixed and loaded in
alumina crucible which is then placed in furnace. It is
annealed to 850° for 20hr then cooled down in air at
room temperature for 25hr.

The powder were pressed into 1gm pellets approximately
12mm in diameter and 1.8mm thick. These pressed
pellets were sintered in oxygen at 850 C° for 30hr with
double annealing, then the pellets were slowly cooled
down to room temperature.[10]

The critical temperature (Tc) was determined from the
changing of electrical resistivity with temperature by
using four-probe technique.

The oxygen content in the sample were measured by
using iodometric titration method.

Details of experimental work for determination of (Tc)
and oxygen content is published in [ref 5].

X-ray diffraction patterns of these samples at room
temperature were obtained using Phillips  X-ray
diffractometer with CuKo source and 1.5418 A°
wavelength.

Results & Discussion:-

The structure of high temperature Bi,.x Tlx Ba,., Sry Ca,
Cus Oy superconductor showed by X-ray analysis of
the prepared samples at 850°C.

Fig(1) shows the existence of single tetragonal phase
with lattice a=b=5.43A° and c=34.13A° where x=0, y=0,
by using a computer program written in Basic to find the
value of the lattice parameters. Table | shows the values
of lattice parameters, but by partial substituting Tl with
Bi as x=0.05, 0.1, 0.2, the structure remains tetragonal
phase with increasing in ¢ parameter to 34.81A° where
x=0.05, on the other hand, when x=0.1, 0.2, the structure
has been attributed to the change in structure from
tetragonal to orthorhombic phase with lattice parameters
a=5.42°A, b=5.22°A, C=30.18A° and the results are
shown in Fig(2).

The structure of the system at y=0.1, 0.2, 0.3 remained as
it was (tetragonal phase) as y=0, with lattice parameters
a=h=5.44°A ¢=34.18A° as shown in Fig(3), it was
noticed that the original peaks stayed as they were with
small shift, so it affected on the lattice constant (c) such
that it became smaller thus the volume of the lattice
became smaller that could explain the reason behind the
decrease in Tc.

By substitution both x and y in a systematic way, such
that each value x=0.05, 0.1, 0.2 is taken with the three
values y=0.1, 0.2, 0.3 as shown in fig(4).



The sample where x=0.05, y=0.1 shown the tetragonal of
phase new peak appeared as impurities i.e CuO, but at
x=0.05, y=0.2, 0.3 shows the orthorhombic phase with
new peaks appeared which inferred the formation of new
structure of CuO and SrO.

While the changes in the structure occurred in x more
than 0.05, this means the best substitution which give the
best structure was x=0.05, y=0.1.

The relation between the resistivity and the temperature
is shown in fig(5). Values of critical temperature (Tc)
have been determined from sudden drop in electrical
resistivity, these values are shows in table II.

The critical temperature is increasing from 123 to 128
when x varies from 0 to 0.05, when x=0.1 the (Tc) starts
to decrease apparently.

The increase in Tc means that it increase the mobility in
the b-direction of Cu-O plane leading to a higher Tc.
Similar results were obtained ref(4) in different
compound as Tl,y,3 System.

It is possible to notice that the physical interpretation of
this change according to change in carrier density and
depend on increasing in oxygen content.

While when y=0.1, 0.2, 0.3, the critical temperature
decrease from 128K to 110K as shown in fig(6).

The decreasing in (Tc) value has been attributed to the
change in structure from tetragonal to orthorhombic
phase.

By substituting X & y together as shown in fig (7) the
best value of Tc was 140K at x=0.05, y=0.1, the
increasing in Tc related with the increasing in oxygen
content stoichiometry which affect on the electronic
behavior by shifting the Fermi level, the same results
were obtained by[5].

Conclusion:-

1. Superconductivity is shown to be possible in the
tetragonal and orthorhombic phase, according to c-
parameter.

2. The best structure & Tc was at x=0.05, y=0.1 depends
on increasing of the oxygen content.

3. Double annealing method is the best method to
increasing the Tc and causes in decreasing the
structure defect.

4. The increasing in Tc value related with partial
substitution leads to increasing in oxygen content
which affect on the electronic structure by shifting the
Fermi level.

Table 1
Lattice parameters of high temperature
Biy, T, Bay, Sr, Cay Cuy Oy superconductor

Sample Lattice Parnmeters
_ L a(A")  BAY) eAY))
| Biy Ba; Coy Cuy Oy, 543 S43 34.13
Bi; os Tiags Bay Cay Cuy O (g0 | 7543 | 5.43 | 34.81
[Biy Tigs By Caty Cusy Oy | s42 | 542 | 3008
Bi; ¢ Tios Bis Cas Ciay Oy | S0 $21 | 3013 |
Biy Bay y Sro; Citg Cuty Oy005 | 5.44 S44 | 3472
[ Biy Bay x Sryz Cay Cuy Oy0. | Sail | sanl [ 3008 ]
Bi; Bay y Sty City Cuy Oy | 5411 | S411 | 30.01 |
Bi; as Tigos Bay y Srg | Cag Cuy Oy S46 | 546 | 34.88
Bijo Tloy Bay o Sras City Cuy Qg | 5.28 522 13118
Bi| y Thos Batg y S10.3 Cay Cuy O00p | SA8 | 526 | 30.18

Table 11
Crtical tempersture for examined
Bi; TI, Bay, Sr, Ca; Cu; Oy superconductor with oxygen

content
Sample Critical | Oxygen content
temperature e
TK)

Bi. Ba. (_7( O 123 1022
Bijox Tigge Bar Oy (_ i | 128 1028
ll»:.‘h‘n.: (2(| Oye4 108 1021
Bi s Tiy. Ba. Ca. Cu; 04, 10 1018
Bi; Ba,, \r Ca, Cu; 04, _ 125 10.26
Bi; Ba, y Sty 3 Cay Cuy Oy 4 0 10.18
Bi; Ba, ; Srp (:;‘I u O, ] 110K | 10.13
n:_..h.. Ba ;S',V(':v;(n 0 140 1038
Biy s Tie; Bay o St Ca; Cu, O 112 i 1026
Hz.l:»lh-\-‘::(.’:,lun ] 95 | 1021
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Fig (1) : X — ray diffraction pattern of high temperature
Bi, Ba, Ca, Cuz O,y Superconductors
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Fig (2) : X - ray diffraction pattern of high temperature
Bi, TlyBa, Ca, Cuz Oy9+5 superconductors
at a.x=0.05 b.x=0.1, ¢.x=0.2
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Fig (3) : X — ray diffraction pattern of high temperature
Bi, Ba,., SryCa, Cu; Oyq.5 superconductors
at a.y=0.1, b.y=02, ¢c.y=03
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X - ray diffraction pattern of high temperature
Bi,.x Tlx Ba,., SryCa, Cuz O1445 Superconductors

a. x=0.05 y=0.1, b. x=0.05 y=0.2, c. x=0.05 y=0.3
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Fig (5) : The resistively versus temperature for high temperature
Bi,« Tl Ba, Ca, Cuz Oy4.5 SUuperconductors
atx=0,0.05,0.1,02

15r
ir y «0
25} y=0.2
Yy 0.3

0sp
0 A A L — A A
50 100 150 200 25 300
T(K)
Fig (6) : The resistively versus temperature for high temperature
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Fig (7)

: The resistively versus temperature for high temperature
Bi,.x Tl Ba,.y Sry Ca, Cus Oyg45 superconductors

atx=0.05,y=0.1,02,03
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