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ABSTRACT

The semiconducting sample with formula Gd, It ,.Ba,Cu,O, was synthe-
sized by using solution route technique to get maximum homogeneity inside
the bulk of the material. Structural and microstructural propertieswere moni-
toring by using both of XRD and SEM evaluating that gadolinium-based
cuprate has the semiconducting tetragonal phase as proved in the X-ray
diffractogram, grain size of the material bulk was found to be in between
0.23-0.72um. M agnetic measurementsindicated that the | r-doped gadolinium
cuprate system exhibits an semi conducting behavior confirming that iridium

hole dopings enhance the semi-conduction mechanism of the tetragonal
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INTRODUCTION

123-HTc- layered cuprates superconducting regime
iscons dered the most i nteresting superconducting ma:
terialsfor variousreasons, in particular for their rather
high critical temperature Tc and high critical current
density Jc. Many researchershaveinvestigated the ef-
fect of metal cation dopants on thel23-YBCO su-
perconducting system*®, Otherslike® have studied
the effect of CeO, and PtO, mixed oxide additiveson
themicrostructural and critical current density Jc. They
reported that (Ce+ Pt) oxides added to the melt- tex-
tured Y BCO havesignificantly improved onthevalue
of Jc4.3x104 A/cm?. Theroleof additivesasimpurity
phaseslike (silver, silver oxide,.) toimprove process-
ing, magneti zation and microstructure of Y BCO sys-
tem were studied by many authorg®16l,

Sincethediscovery of high-Tc superconductivity™*,

there hasbeen an explosion of experimental and theo-
retica studiesonthesematerials.

A large number of these studies arerestricted to
theeffectsof substitution of rare earth (R) elementsfor
Y thatismostly hel pful inunderstanding the supercon-
ducting properties and their dependenceson different
parameters. Among variousisomorphic substitutions
possibleinY Ba,Cu,O,-5, the substitution of Pri'&20,
(Ce)2t22 and Thizl, for Y have received the most
attention. Thereasonfor thisinterest isthat these sub-
dtitutions suppressthetransition temperature of super-
conductivity drastically. Themgjor goal inthe present
articleistoinvestigate the effect of solution routesyn-
thesson;

a. Structural and micro-structura propertiesof Irdoped
GdBCO sample.

b. Magnetic propertiesof optimally Ir-doped GdABCO
sample,
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EXPERIMENTAL

Samplespreparation

Thebest iridium containing compositewith genera
formula;

Gd1-xIrxBa,Cu,0z,where x = 0.3 mole was se-
|ected from another study for authorsto bethetarget of
thisinvestigation. The preparation was attempted by the
freezedry route and sintering procedure using the mo-
lar retios of Ir,0,,Gd,0,, BaCO, and CuO each of
highly purechemical grade purity . Themixtureswere
ground carefully then solublizein few dropsof concen-
trated nitric acid forming nitrate extract which diluted
by distill water. Thenitrate sol ution was neutraized by
using 30 % ureasol ution then forwarded into liquid ni-
trogen dishesunder vacuumfor 2 hrsinsdefreezedry
machineseefigure 1.

Thefreeze product wasforwarded to muffle fur-
nace and cal cinations processwas performed at 800°C
under a compressed O, atmosphere for 16 hrs then
reground and pressed into pellets (thickness 0.2 cm
and diameter 1.2 cm) under 5 Ton/cm?. Sintering was
carried out under oxygen stream at 920°C for 70 hrs.
The sampleswere slowly cooled down (20°C /hr) till
550°C and annealed there for 10 hrs under oxygen
stream. Thefurnaceisshut off and cooled dowly down
to room temperature. Finally thematerialsarekept in
vacuum desiccator over silicagel dryer.

Phaseidentification

The X-ray diffraction (XRD) measurementswere
carried out at room temperature on the fine ground
samplesusing Cu-K o radiation source,Ni-filter and a
compuiterized STOE diffractometer/Germany withtwo
thetastep scan technique.

Scannig Electron Microscopy (SEM) measure-
mentswere carried out at different sectorsin thepre-
pared samples by using acomputerized SEM camera
with elementa anayzer unit (PHILIPS-XL 30 ESEM/
USA).

M agnetic measur ements

The cryogenic A C-susceptibility of the prepared

materialswasundertaken asafunction of temperature

recorded in the cryogeni c temperature zone down to
30K usingliquid hdiumrefrigerator.
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First Step: The nitrate solution was
neutralized by using 30 % urea solution then
forwarded into liquid nitrogen dishes under

vacuum for 2 hrs

Final step: Annealing at 550°C to stabilize
formation of 123-GdBCO-phase

Secondly :Sintering was
carried out under oxygen
stream at 920°C for 70 hrs.

Figurel: Flowchart diagram of Ir-doped GABCO synthesis
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Figure 2: X-ray diffractogram recorded for Gd_,Ir
1:B88,CuU,0, samplesynthesized by freezedry route

RESULTSAND DISCUSSION

1. Phaseidentification

Figure 2 displaysthe X-ray powder diffractometry
pattern for optimally Ir-doped GdBCO (Gd0.7Ir
0.3Ba,Cu,0z). Analysis of the corresponding 20 val-
uesand theinterplanar spacingsd (A) were carried out
andindicated that,the X-ray crystdlinestructuremainly
bel ongs to a single non-superconductive tetragonal
phase 123-GdBCO in major besides few peaks of
Ir,O, as secondary phasein minor. It iswell known
that ;

Superconductive 123-orthohombic <>semi con-
ductive phase 123-tetragond and henceiridium makes
ashiftin ructuretowardstetragona phase.

Theunit cell dimensionswerecdculated usngthe
most intense X-ray reflection peaksto bea=3.8271
A,b=3.8271 A and ¢ =11.6431 A for the optimally
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Figure2: (a): 123-tetragonal phaseof Gd

Ba2Cu302;

. R _0.7”0.3
(b) : Cubiccrystal structureofiridiumion

(a):20 pm (b): 10 pm (c):2pm
Figure3(a-c): SEM-micrographsrecorded for optimally
Ir-doped GABCO (Gd I . ,Ba,Cu,O) withthreedifferent
magnification factors; (a) : 20um (b) :10pmand (c) : 2um

TABLE 1
123- 123-
LBCO GdBCO
Element Wt% At% K-Ratio Z A F
OK 1588 51.25 0.1029 1.1394 0.1431 1.0014
CuK 529 30.13 0.0379 1.17330.9253 1.0031
BakK 18.22 19.48 0.1931 1.0746 0.9907 1.0213
IrL 1896 2.65 0.0513 0.6181 1.0418 1.0198
GdL 19.68 6.98 0.1364 0.61751.0101 1.0211

Ir-doped 123-GdBCO phasewhichisfully agreement
with thosementionedintheliteraturds.

Itisobvioudy that, theadditionsof Ir,O, hasaneg-
ligible effect on the main crystalline structure 123-
GdBCOwith Ir-content (x = 0.3) asshowninfigure 2.

From figures2(a,b) one canindicatethat 123-tet-
ragonal phase (Figure 2a) isthe dominating phase by

ratio exceedsthan 90% confirming that Ir-ion which
has cubic | attice seefigure 2b substitutes successfully
on the Gd-siteswithout damaging theorigina non-su-
perconducting tetragona -phase.

TABLE 1 explainsEDX-elementa analysisdata
recorded for GdO.7Ir 0.3Ba,Cu,Oz that prepared via
freezedry route. It isclear that the atomic percentage
recorded isapproximately typica withthemolar ratios
of the prepared sampleemphas zing thequality of prepa
ration through freeze dry technique.

Onthebasisof ionicradiuslr-ion can substituteon
the Gd-sitescausing dight shrinkageinthel atticewith-
out destroying it as clearly appears in the x-ray
diffractogram figure 2. since 123-tetragonal phaseis
clearly assigned in our x-ray patternsby * asshownin
figure2.

2. SE-microscopy measur ements

Figure (3a-c) show the SEM-micrographsrecorded
for optimally Ir-doped GdBCO (Gd0.7Ir 0.3Ba,
Cu,02). Theestimated average of grainsizewas cal-
culated and found in between 0.23-0.72 um support-
ing thedatareported in?7,

The EDX examinationsfor random spotsin the
samesampleconfirmed and arecons gent with our XRD
analysis for polycrystalline Ir-doped-GdBCO
samplesuchthat thedifferencesinthemolar ratiocsEDX
estimated for the same sampleisemphasized and an
evidencefor theexistence of 123-GdBCO tetragona
phasewith good approximateto molar ratios.

From figure (3a-C), it is so difficult to observe
inhomogeneitiy within the micrograph dueto that the
powders used arevery fine and the particle size esti-
matedistoo small.

The grain size for Ir-doped 123-GdBCO-phase
wascal culated accordingto;

Scherrer’s formulal®,

B =0.87 A/D cos0 (1)

where D isthe crystallinegrain sizeinnm, 6, haf of thediffrac-
tion angle in degree, A isthe wavelength of Xray source (Cu-
Ka) innm,and B,degree of widening of diffraction peak which
isequal to thedifference of full width at half maximum (FWHM
)of the peak at the same diffraction angle between the mea-

sured sample and standard one.

From SEM-maping, the estimated averagegrain
sizewasfoundto be(1.21-1.54um) whichisreatively
large in comparison with that calculated applying
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Figure 4 : Magnetic susceptibility curverecorded asa
function of absolutetemper aturesfor tetragonal-Gd__Ir
1:B88,CuU,0, samplesynthesized viafreezedry route

Scherrer.sformulafor pure 123-phase (D~0.67um).
Thisindicatesthat, theactud grainsizeinthemateria
bulk is smaller than that detected on the surface
morphology.Furthermore, inour EDX (energy disperse
X-ray) anaysis,Ir3+ was detected qualitatively with
good approximateto theactual molar ratio but not ob-
served at 123-GdBCO grain boundarieswhich con-
firmthat, iridium (111) hasdiffused regularly into mate-
ria bulk of superconducting 123-GdBCO-phaseand
Ir-ioninducesinthe crystalline structurethrough solid
statereaction by someextent. Theinclusionof Ir-ionis
confirmed al so by the enhancing the semiconducting
behavior of tetragonal GABCO semiconductor.

3. Magneticand electrical properties

Figure4 exhibits magnetic susceptibility curvere-
corded asafunction of absolutetemperaturesfor tet-
ragonal-Gd0.71r 0.3Ba,Cu,0z samplesynthesized via
freezedry route. Itisclear that the conduction increases
astemperaturesrai sereflecting semiconductor behav-
ior for IrGdBCO sample. Although theiridium dopant
hasmetdlicbehavior withdectrica resigtivity (4.7x10
8ohm.m) as reported in literatures?®3 it enhances
semiconduction mechanism inside material bulk of
GdBCO.

Generdly itiswel knownthat theconductioninthe
cuprates depend upon Cu,O and CuO chainswhich
are known as p-type semi conductors exhibiting nar-
row band gaps.

For example, Cu,O hasadirect band gap (2.0eV),
whichmakesit apromising materia for theconverson
of solar energy into eectrical and chemica energy|[33].
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From thispoint of view iridium asdopant el ement
with metallic character expected to make a shift to-
wards semiconducting behavior asachieved inour in-
vestigation.

COCLUSIONS

Theconclusiveremarkesinsdethisarticlecan be
summarized asthefollow ;

1. Freeze dry technique exhibits structure quality as
preparation technique.

2. Ir-dopant make ashift towardstetragonal phase.

3. SE-micrographs confirmed that Ir-ionsdistribute
regularly through out thelattice structure of GABCO
without destroying 123-phase.

4. Magnetic order of GABCO changed to non-super-
conductive order semiconducting order asresult of
iridiumdoping.
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