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Abstract

Solid state reaction technique (SSR) was used to prepare high-T. phase in
HgPbBa;CayCusOgis superconductors.  The  effcet  of additional Pb  to
HgBayCa;CuiOgis was investigated. It has been found that the maximum transition
temperature T, =133K is at x=0.1.X-ray diffraction showed a tetragonal structure with
an average valuc of ¢=15.816 A", The average value of the valence of copper (v} is
equal to 2.025.There is an increasing of density with the cnhancement of the
concentration of Ph,

Doping with various elements was

Introduction found to ‘be useful and effective in
One of the highest temperature improving the properties of HTSC,
superconducting  cuprates  (HTSC) different . cation substitutions for
which has an inherent potential for Hg.e.g.Ph,in the Fg-1223 phase have
practical application is the family of been reported to be effective for the
mereury-based  © copper  oxide enhancement of Hg irreversibility field
superconductors  which  have  a characteristic and stabilize the Hg-
transition temperaturcs above 130 K, 1223 phase .2 Stabilize
But the wviability of high-temperature superconductive phases, may increase
superconductors for many applications the transition temperature and can
will ultimately depend on the size of introduce more oxygen in the cryslal
the cutrent density, J; that they are able structure.
to  support, not only at Thigh The difficulty on the synthesis of
temperatures, but also in high magnetic Hg-1223 compound is the low thermal
fields®. stability and to be decompose before
One ol the most lmportanl factors melting. More aliention  has  been
relating to the doping mechanism of focuscd - on the synthesis of (Hg-Pb) —
g superconductors is an inferstitial 1223 because lead can reduce the
oxygen defeet in.the Hg plane and melting tcmpcmturc”
cation’ substitution in the Hg sites. The Watanabe ct. al® 7 reported (hat
Hg planc 1s deeply related to the substituting  Tlg partly with Pb
doping . : increased considerably the amount of

excess oxygen in the (Hg,Pb)O; charge
—reservoir block .lead was found to
enter the phase with an oxidalion state
higher in' average than Il so as to
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increase the positive charge at the Hg
site. However, the increase in the
oxygen content counter —balanced the
effect of higher —valent (Pb-“”w) for
lower —valent (IIg - ")  cation
substitution. ‘

Wu etal.l” reported that Pb ionic
radius scales lincarly not only wiyh the
lattice parameters, but also with the
superconducting - {ransition
temperature.  They  prepared  the
(Hg,Pb)-1223 at atmospheric pressure
with T=135K and & =0.45.

Samples of HgPb,BayCazCusOygiy
(1223) with x = 1.0, 1.2, 1 4 and y = 0,
0.1, 0.2, 0.3 were prepared by solid
state method. The T, of undoped 1223
was about 111 K. After anncaling in
oxygen the T increased to 133 K. The
T. for Pb-doped samples. depended
slightly on the Pb-content, -for the as-
prepared  specimens  were  generally
higher than for undoped spectmens and
additlional annealing did not
significantly change the T,

In this paper we studied the
superconducting properties of
HgPb,BayCayCusOgis HTSC system as
a function of Pb for the different
composition to obtain the optimum
condition ol substitution yiclding the
highest T

Experimental

Solid —state reaction method was
used to prepare samples  of
HePbBayCayCusOy.s  for  different
values of x. Powders of Ca0, CuO and
BaCO, and PbyOywere mixed together
using  agale  mortar.A - sufficient
quantity of 2-propane was uscd 10
homogenization the mixture.  The
mixture was  grounded to a line
powder and then calcined in alr at
800°C for 20 h in two stages. The
calcined powder was regrind again
afler the mixing it with HpO and
pressed into disc-shaped pellets (1.3
em in diameter and (0.2-0.3) cm thick,
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using hydraulic  press type (Specac)
under a pressure of 7 ton/em?. '

The pellets were sintered in an
oven of temperature ol 850°C al air
environment {or 200h with a rate of
4°C/min. in a tube furnace (in the
intermediate process of sintering, the
samples were cooled to 350°C for five
hour in order to slabilize the phase),
after this, the samples were . cooled 1o
room temperature by the same rate of
heating .The samples were examined
by Meissner effect o evaluate the
superconducting state. The structure of
the prepared samples was obtained by
using x-ray diffractometer (XRD) type
(Philips) with the Cug, source. To
measure the resistivity (p) and to find
the optimwm {ransition temperature
(T, four probe de  method at
temperature  range  (77-300) K was
used. Jodometric titration was used (o
access the oxygen content (&) in the
samples.

Results and Discussion

X-ray diffraction patterns for the
Pb-free samples and the samples wilh
different additional values of Pb to the
HgBuyCaaCuyOgis system is shown in
figurc (1). The peak positions and
intensities of the diffraction data revels
that our samples mainly consist of Hg-
1223 and a small amount of 1212 as a
minor phase together with some other
unidentified peak ,that may be due to
CallgO,; or BaCuO, as referred bg'
Akao etal™ and by Kawai et al i
respectively . Hg-1223 are indexcd as
shown in Fig.(1).The lattice paramelers
of the existing T{g-1223 phases in our
samples were caleulated by a computer
program which is based on Coben’s
feast  square method  The  resulls
obtained were listed in Table (1). We
found from this Table and figures (2)
&(3) a decreases of the lattice constant
(¢),(a) and the volume (V) in the range
value of Pb 0-0.2 altler then there is
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an increases till the value that make the
composition like a semiconductor i.e
.Pb is equal to 0.5 . The average value
of ¢ is equal to 15.816 A" which is in
comparable value of ¢=159 A° as
referred by 1.Kirschoner ct

where:

n=13 in this scarch depending on the
general formula HgBa;Ca,.(Cu,Oppsnss

Table Values of the latlice

(1):

constant, volume cell and density of

different Pb concentration.
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Density of the superconductor
system at different concentration of Pb
are lisled in Table (1) and shown in
e (3) this could be Tound as
referred in the previous paper ' We
found increascs of the density with the
enhancement of the concentration of
Pb, this mecans a decreases of the
porosity and vacant in the system,
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Fig. (¥): lattice constants as a function

of the concentration of Pb.
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Fig. (7} Variation of volume cell and the

density as a function of the concentration of
Fb.
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Fig (1) X-ray diffraction patter, uyf HgPb,BaCayCuyOss
for the samnles with different valne of v,
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Fig. (¢) Temperature depénflencc of resistivity
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The amount ol excess oxygen, 8,
was analyzed with idometric titration
for all the samples. As referred by
Watanabe et. al.”) that Pb enters the
Hg-1223 phase with an oxidation state
higher than I1T in average. Additions of
Pb 1o the composition will increase the
positive charge at the charge reservoir
cation site concomitantly the oxygen
content increases as reveled from the
results of idometric titration for the
composition T1gPbg Ba;CarCuzOsis in
comparison with the HgBa;CayCuyOgis
composition. An excessive addition of
Pb (0.2-0.6) will produce decreases of
the oxygen content as shown in figure
(4) and Table (2). Beside of the lead
effect another effect play an important
role in the variation of positive charge
which is the valence of copper (v) of
the homologous series in question
which could be L’llClI]'lECd from the
relation 7
v=2(n+ §)/2

Which is more than two in the
superconducting  samples and  this
value decrease with the enhancement
of lead content which effect
(decreases), in our opinion to the value
of the posilivu charge. The average
value of v in our qamplcq is cqual to
2.025.

—e—2=0.0
M ,=0.]
0.2
Oy =0.3
—W— 2=0.4
Al =08

- =06

' for HgPb,Ba,CaCurOus
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Fig (4)

Fig. (5) shows the temperature

dependence of the electrical resistivity
(p) for Pb free samples and samples
with different Pb contents of (x = 0.1,
0.2, 0.3, 0.4,0.5,0.6) in
1gPbxBaCarCusOges. It is found from
this figure that the bchavior of
resistivity (p) with temperature for the
compositions with x = 0.5 and 0.6 is
semiconductor, while the resistivity of
the other composition in this research
decreases with decreasing temperature
i.e. the behavior is superconductor in
the approximately rang 150K to 80K.
The samples behave like a
semiconductor between 300-150 K.
Also we - found there is a slight
displacement to the low temperature
when the turning is occurring.

Table (2):. Values of the transilion
temperature  Te ,  excess  of
oxygen(d), Valence of Cu (v) for
different Ph concentration.

h Ty Excess of Osvgen(d) | Valence of Culy -
L. e e
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For the composition that has no
jead content the superconducting
{ransition temperaturc is equal (o
118K. This value increases to 133K for
the composition that has 0.1 of Pb. As
the value of Pb increases, the transition
temperature decreases until the sample
behaves like a semiconductor as shown
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in Table (2) and Fig. (6). to interpret
the above results we suggest that a
certain amount of Pb play a good role
to increase the reaction of the high T,
phase. While excessive Pb addition
promoles another reaction to produce
the CaPbOy phase, which is likely to
assist the formation of the low — T,
phase instead of the TP,

s 140
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Fig. (3): Variation of the transition
temperature as a function of the
Conclusions:
It has  been  found  that  the
beliavior ol the system

HpPbBa,Ca,CuyOyiy with x=:0-0.4 are
superconductor while other samples (x
>0.4) are semiconductor. Also (he
transition temperature Ty =133K 1s the
maximum at x=0.1. X-ray diffraction
showed a letragonal structure  with
decrcases of the laltice constant a and ¢
and cell volume in the range value of
Pb 0-0.2 after then there is an increase
of these value till that makes the
composition like a semiconductor i.¢
Pbis cqual to 0.5, We found mcereases
of the density with the enhancement off
the concentration of Pb, which means a
decreases ol the porosity and vacancy
in the systent. '

501

_Yol2.(3).2005

References:

1. Schilling, A, Cantoni,M.,  Gao,
JD.  and  Ou, H.R.1993.

Superconductivity above 130 K
in the Fp-Ba-Ca-Cu-O
system. Nature.-363:56-58.
Krusin-Llbaum, L., Tsuei €.
C. & Gupta, A.1995High
current densities above 100 K
in the high-temperature
“superconductor’
[gBa,CaCuyO4ys Nature. 373:
679-681.

3. Yamawaki, K.Sasahiko, S.,
Tanaka, M., Yamauchi, 1. and
Lee, S.2001 . Cation distribution
in lg sies of (Hg,Pb)-1223

|8

Jetermined by osvnchrotron X-
b e soaltering.
o T A R

D ST L. ecn B R Nizigem
e R BN L ol

anpstrom medulation and peak
effect  in superconducting
(11, Pb)(Bu,Sr)-1223.Physica
G 338:298.

5. Kayed, 1.5, 2003.Synthesis x-
ray daty, and  Hall o Effect
measurements ol Li-doped T1-
Ba-Ca-Cu-

O.Cryst.Res. Technol 38(1 1)
46-59.

6. Watanabe, T Kiryakov,N.,,
Poulsen, J.,Lee,  1.M.,Chen,
M., Liu, RS, Yamauchiy, il
and Kuarppinen,NL.2005.
XANES and wet —chemicul
analyses of the charge balance
in (Hg,Pb)(3a.5r):Ca:CuiOs.,
Lhysica C 392-390:93-98.

7. Wi XS, Gouy G Chen,
D.F.,Shao, .M., Jieng,S.5.
1996.J Phys.Conden Ma.8:36
47.

8. Sargankovia, 1,
Mair,N., Gritzner,G.,
P Kavecansky,V.

Konig, W,
Diko,
Kovie,



- - Um — Salama Science Journal Yol 2 (3) 2005

J.and Longauer,S. supercénductors” Jap. J. Appl.

1997.Influence of the variation Phys., 27(12):1.2296.
of Hg and Pb stoichiometry on 10. Kirschoner,l., Laiho,R., Lokack,P.,
the microstructure and T, of Bodi,A.C, Dimitrova-Lukacs,M.,
Hg.Pb,Ba;CayCuzOg,14 Lihderanta,l=. and Zsolt,
Superlattice and G.1996 . Effect of preparation on
Microstructures  21(3): 367- Itg-Ba-Ca-Cu-O  superconductors
G o 8 Z.Phys .13 99:501-506.
9. Kawai,T. Kawai,S., Tanaka,S., 1t. Hermiz,G.Y.2005. of
Horiuchi, T., Takagi.S., Ogura, Physics.Effect of Pressure on
K., Kambe,S. and the Properties of
Kawai,M.1988. Effect of Ba HeBayCayCuiOges HTSC
addition on the properties of System ‘Iragi Journal. To be
Bi-Pb-Sr-Ca-Cu-O published.
P
d—*Uﬂ S+ Ba,Ca,Cu;OgxHgph S pall da all 5 all da jag qus 5
S gl
iy daals - & glall A0<H
Al
Gl IIng,\;anCa;Cu;OM S el i candl Al Al AN Jelind gy jla sl il
Losie To=133K ian 5 fa el of ba gl | S jall ol 1 i) 585 o ja g (e 3
=l oS g Sl o R AW e et ety L 0.1 I glane ala )l R 5 65
C | . : .
- Jan gl LaS 2,025 (s sbss pilall S5 Jina g ¢ =15.816 A A3l il Jama o 5 tetragonal

¥ L}al_u:‘)jl :'\..\.-ut.l EJL_QJ &A -’tﬁlﬁS.‘.l 3.][__)_)

502

i



	132.jpg
	131.jpg
	130.jpg
	129.jpg
	128.jpg
	127.jpg
	126.jpg

