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Prepare and study the SrO additive on structural and
electrical propertiesfor Hg Bay., Sty CapCu30s;,5
superconductor

*Kareem Ali. Jasm , Noor Qasim Fadhil

Abstract — In thispaper, we study the replacing of Ba by
Sr of for HgBa,,SrCayCu30g.s cuprate superconductor
(x=0,0.1,0.2,0.3). Thesolid statereaction method will be used for
forming samples. The X-ray diffraction analysis showed that
prepared samples correspond to Hg-1223 phases with
tetragonal structure. To find the critical temperature T, the
measure electrical resistivity will be used by four-probe
technique. It isshown that the T increase at addition of the Sr
from 113K (x=0) to 138K (x=0.3).

Index Terms— Superconductors, Tetragonal structure, X-ray
diffraction, Electrical Resistivity, Critical temperature.

I. INTRODUCTION

It is well known that the Hg-based superconducting
cuprates HgBa,Ca,.1CU,Ozni25 {N=1 to 8, and n is the
number of consecutive Cu-layers} represent the most
interesting homologues series from high temperature cuprate
superconductors. It has the high (T.) by this series which
exhibited [1]. 94K is T.for HgB&,CuO,.; (When n=1), 127 K
is T, for HgBa,CaCu,Og.5 (When n=2) and T, = 136 for
HgB&a,Ca,CuzOg+5s (When n=3).The T. has been further
increased up to 150-160 and increased up to 155-163 under
high stresg[2].

There is system crystallizes with perovskite layers for al
phases of the HgBa,Ca, 1Cu,O.n0+5 [3]. The structure of
Hg-based superconductor is aimost the same Tl-base, but
there is the importance change in the oxygen vacancies for
TI-Oy 5 layers very few, while the oxygen atoms in Hg-Od
layers are weakly [4,5]. The Cu-O, planes are present, which
are responsible for the high-temperature superconductivity
[6].

In this paper, there are important measurements to study
the structural (XRD) and electrical (resistivity electrical)
properties for samples. The resistivity (p) is one of the most
important characteristics of material, itis the most common
method of determining the Tc of a superconductor.

The present paper has been organized as follows. In section 2
is devoted to present the experimental. In section 3 the result
and discussions are illustrated. Finally in section 4 the
conclusion is presented.

Materials and method

The compound HgBa&«SrCaCuzOg.s (x=0,0.1,0.2,0.3)
has prepared by utilizing the sensitive balanceto appropriate
weights for the oxides (HgO,BaO,Ca0,Cu0,SrO) by using
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soild state reaction method. Accordingly for these chemical
formulas:
HgO + 2Ca0+ 3CuO+(2-x) BaO + x SrO -
HgBaQ-xsrxcaQCU308+6

Follow the same steps as in the previous search (which
mentioned in the our references) to that completed the
sampleg[7-8]. The  crysta structures  of  the
HgBa,.,Sr,Ca,Cus0g.5 compound described by the XRD,
which characterized by the following: Source: Cu Ka ,
current: 30.0 (mA),voltage: 40.0 (kV), wavelength: 1.5405
20 range: 10- 80(deg), scan speed: 8(deg/min). The
estimation of lattice constants and identification of the
superconducting phases by using the program[9]. In order to
calculate the volume fraction of the phase the following
formulawill be used [10] :

V= 2o
ph —
ZIO+ZI1+ZIZ+ZIOther(peaks)
()
We found the densities (d,,) by using following equation

[11].
dm= Wm/ NA \]

x 100%

where, N, isthe Avogadros number, the w,, isthe molecular
weight and V isthe volume of unit cell.
The resistivity measurement is given as a function of

temperature by using the four-point probe technique at

temperature range (77-300K). The value of p is found
by using the relation:

=TT

Where, V is the voltage, | is the current, w is the width, tisthe
thickness and L is the length.

Il. RESULTSAND DISCUSSION

Theintensities of the XRD patterns as afunction of 20 for
the pure sample reflections (HgBa2Ca2Cu308+9, x=0)
shown in figure (1a), while the relative intensities of the

HgBa,.,Sr,CaCus0g.s System with x= 0.1, 0.2 and 0.3 are
shown in figure 1b-d. It can be seen from this figure the Sr
addition produces change in the high and low phases. Table
(1) shows decrease in the c lattice parameters, the reason is
dueto the substitution of Sr for Bawheretheionic radii of Ba
[r Ba™?(1.35 A%] islonger than that of Sr[r Sr*%(1.12 A%)]
this leads to the expansion at base the structure HgO which
leads to decrease in the length of ¢ parameter.
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Fig.(2) shows the electrical resistivity versus
temperature for pure HgBa,Ca,CusOg.5 compound, where the
critical temperature are determined from thisfigure [12].The
resistivity at first drop of the curve Tgnse (IS temperature at
which then  begins the transition from normal state to
superconductor state) of superconductivity isobserved at 130
K and the critical temperature at zero-resistivity Tpftse) 1S
observed at 113 K. The change in the transition width
(AT=17), when strontium oxide (SrO) addition in Barium
site of HgBa&y.,Sry Ca,Cuz0s.5 specimens (x =0.1, 0.2, 0.3)
are shown in figure (3). It is worth to mention that al the
curves exhibit a transition from norma state to the
superconducting state. the critical temperature at
zero-resistivity  TCirsewy fOF HgBay ¢Srp1  CaCuz0s.s,
HgBa; gSrp, CaCusOg.sand HgBa; 7Stgs CaxCusOg.sare
129,128 and 138 K, and Tyonser) are 135,130 and140 K and
(AT=6, 2 and 2), respectively. The highest of the Tc(offset)
was 138 K for HgBa; 7Srp3 CaxCuszOg.s Where showen an
increase of the transition temperature with increase of the
concentration of strontium Sr, therefore, the volume fraction
increasing and the mass density dy decreasing with
increasing Sr concentration as showninthe table(1).
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Fig(1). X- Ray diffraction pattern of HgBa, Sty CaxCuz0g+5
system with x= 0.0, 0.1,0.2 and 0.3

Eigl ) Temperatuere dependence of resstrvrty for HoBanCaxCuy Ogag

X Teorr) | Teon) a( b(AO ‘(AO) c/a | dy Vpn1223
(K) ® | A)| ) (g/em
%)
0.0 113 130 38 | 384 | 1575 | 409 | 1533 69.43
42 2 942
0.1 129 135 38 | 383 | 1535 4,00 | 1527 | 71.45%
32 2 10 602
0.2 128 130 38 | 384 | 1538 | 3.99 | 1503 | 77.932
456 56 11 966 %
0.3 138 140 33 | 339 | 1544 | 455 1.48 82.111
92 2 31 28 %

irW

Eig(3) Temperature dependence of resistnvity for HgBaz o 56.02:C0; Os

Tablel

I1l. CONCLUSIONS

In the present paper, we have successfully synthesized the
HgBa2-xSrxCa2Cu308+d high-Tc superconducting
compoundswith x=0.0, 0.1,0.2 and 0.3. We have investigated
the effect of simultaneous doping of Sr at Ba site of Ba-O2
layer in HgBa,CaCusOg: 5 With specia emphasis on
correlation between superconducting properties and the
observed microstructural features. The XRD data showed
that samples correspond to Hg-1223 phase. The critical
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transition temperature Teerree Of the Sr doped Hg-1223
compounds range between 113 to 138K. The highest Tc
value 138K has been found for HgBa;;Srgs CaCuzOg.s
compound. Substitutions of Sr produce change in lattice
parameter, volume fraction and mass density .
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