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ABSTRACT

The nano-structured Sb-doped-YBCO (Y Sb ,Ba,Cu,O,) pellet which has
Tc (Tc-onset =91.7K and Tc-offset = 84.45K) was sel ected to be the target
for Nd-pulsed laser irradiation source. The pellet was exposured for two
different dosesof laser beamirradiation the 1% 15 W/cm? for 100min. and 2™
30 W/cm?for 200min. The irradiation was carried out in air without any
external heating.The energies of pulsed Nd-laser were sufficient to melt
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homogeneously the surface and near surface layers. SEM Investigations
was used for monetoring the nano/microstructural changements as afunc-
tion of laser irradiation dose. The structural and superconducting proper-
tieswereinvestigated carefully asafunction of Nd-laser irradiation doses.
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INTRODUCTION

123-Y BCO superconducting regimeisconsdered
themost interesting superconducting materiasfor vari-
ousreasons, in particular for their rather high critical
temperature Tcand high critical current density Jo. Many
researchershaveinvestigated the effect of metal cation
dopantsonthel23-Y BCO superconducting system'*-
8. Otherslike® have studied the effect of CeO, and
PtO, mixed oxide additives onthemicrostructura and
critical current density Jc. They reported that (Ce+ PYt)
oxidesadded to themelt- textured Y BCO havesignifi-
cantly improved onthevaueof Jc~4.3x10*A/cn?. The
roleof additivesasimpurity phaseslike(silver, silver
oxide,.) toimprove processing, magnetization and mi-
crostructure of Y BCO system were studied by many
authorg10-161,

Theinfluenceof |aser radiationson the character-
isticsof HTSC was studied in asome previous publi-
cationssuch ag*24, However their resultsare ambigu-
ous and inconsistent. In general, degradation of the
HTSC-materid isobserved, but thereisa so datashow-
inganincreaseinthecritical current*22,

Thinceramicfilmsor powder-sntered ceramic sur-
facerecrystallized with precise control over thickness,
structure, orientation of grains, and stoichiometry are
highly desirablefor applicationsin eectronic devices.
Surfacetreatment by infrared laser beam is effected
Instantaneoudly viasequentia thermal processessuch
ashesting, melting, vaporization, and molten zone so-
lidification during rapid cooling**24. Under such ther-
mal conditions, the surfaceisexpected to experience
non-equilibrium state, thereby acquiring totdly new func-
tiona properties. The surface of oxide material con-
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taining many pores, micro-cracks, insulating phasesand
impurities at the grain boundaries have modified to
achieveggnificantincreaseinthecritica current dengty.
A few numbersof authorswerefoundinliterature
such ag?2 who investigated the effect of Laser-irra-
diaionsonHTC’s superconductors. Luctiv et al.[® have
studied the effect of different kind of laser (Nd,CO,
and ruby) laser irradiations on threefamilies of high-
TcC’s superconductors namely 123-YBCO,Bi-2212 and
Bi2223 and they reported that |aser irradiations cause
an enhancement of critical current denisty J_ but
supresses T becauseof fraction volumeof thediamag-
netisminsdethebulk of superconducting sample de-
Creases.
Themagjor goal inthe present articleistoinvesti-
gatethe effectsof Nd-laser irradiationson;
a.  Structura and nano/micro-structura propertiesof
optimally Sb-doped Y BCO sample.
b. Superconducting propertiesof optimally Sb-doped
YBCO sample(Tc-onset 91.7 K)

EXPERIMENTAL

Samplespreparation

Thebest antimony containing compositewith gen-
eral formula; Y, Sb,Ba,Cu,O,wherex = 0.1 mole
was sel ected from another study for author?” to bethe
target for Nd-Laser irradiation.

Nano- synthes swasattempted by using solvo ther-
mal route and sintering procedure using the appropri-
ateamountsof Sb,0,,Y ,O,, BaCO,and CuO each of
highly purechemica gradepurity.

Precursor synthesis

The mixtures oxides (Sb,0,,Y ,O,, BaCO,and
CuO) wereground carefully and sieved through 50um
mesh,10ml of conc HNO3 was added to thefine pow-
derswith tirringtill completemiscibility.

Theresultant nitrates solutionwasdiluted to 100m
by distill water then sprayed into liquid nitrogen me-
dium and finally the powdersforwarded to the freeze
dry machine.

Thedry powderswerecalcined at 800°C under a
compressed O, atmosphere for 20hrs then reground
and pressedinto pellets (thickness 0.2cm and diameter
1.2cm) under 6 Ton/cm?. Sintering was carried out un-
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der oxygen stream at 920°C for 200hrs.The samples
were slowly cooled down (20°C /hr) till 500°C and
anned ed therefor 20hrsunder oxygen stream. Thefur-
nace is shut off and cooled slowly down to room
temperature.Finally the materialsarekept in vacuum
desiccator over sllicagd dryer

Laser irradiation source

The pellet of the best Tc (Tc-onset= 91.7K Tc-
offset =84.45K) Y, Sb Ba,Cu,O, wherex =0.1 mole
was selected and cut into square with dimensions
0.4x0.4cm then polished carefully and forwarded to
bethetarget for Nd-pul sed | aser which hasthefollow-
ing parameters : wavelength Amax =1.06um, pulsed
rate o = 10%s. Thetarget was exposured for two dif-
ferent dosesof laser beam irradiation the 1% 15W/cm?
for 100min. and 2™ 30W/cm?for 200 min. Theirradia-
tion was carried out in air without any externa
heeting. Theenergiesof pulsed Nd-laser weresufficient
to melt homogeneously the surface and near surface
layers.SEM was used for monetoring the morphol ogi-
ca changements.

Phaseidentification

The X-ray diffraction (XRD) measurementswere
carried out at room temperature on the fine ground
samplesusing Cu-K  radiation source,Ni-filter anda
computerized STOE diffractometer/Germany withtwo
theta step scan technique.

Scannig Electron Microscopy (SEM) measure-
mentswere carried out at different sectorsinthepre-
pared samplesby using acomputerized SEM camera
withdemental andyzer unit (PHILIPS-XL 30ESEM /
USA).

Super conducting measur ements

The cryogenic A C-susceptibility of the prepared
materia swasundertaken asafunction of temperature
recorded in the cryogeni c temperature zone down to
30K usingliquid hdiumrefrigerator.

RESULTSAND DISCUSSION

Phaseidentification

Figure(la-c): displays the X-ray powder
diffractometry patternsfor non-irradiated optimally So-
doped YBCO (Y Sb ,,Ba,Cu,0) and after 1%and 2
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Figure (1a-c): X-ray diffraction patternsrecorded for
(a):Nonirradiated optimaly Sb-doped YBCO,; (b): After 18
Nd-L aser irradiation dose 15W/cm?,100min; (c): After 2
Nd-Laser irradiation dose 30 W/cm?for 200min

2(b-2)

Figure(2a-c): SE-micrographsrecorded for :(a) Nonirra-
diated optimaly Sb-doped YBCO with M .F.= 10um; (b) Af-
ter 1% Nd-Laser irradiation dose 15 W/cm?, 100min.
1.M.F.=20pmand 2. M .F. = 2um; (c) After 2" Nd-L aser
irradiation dose 30 W/cn?,for 200 min. with. M .F.=20um
M.F.=M agnification Factor

Nd-laser-irradiation dose respectively. Analysis of the
corresponding 20 valuesand theinterplanar spacingsd
(A) were carried out and indicated that,the X-ray crys-
talline structuremainly belongsto asingle supercon-
ductive orthohombic phase 123-YBCO in mgjor be-
sidesfew peaksof Sb,O, assecondary phaseinminor.
Theunit cdl dimensonswereca culated usngthemost
intense X -ray reflection peaksto bea=3.8178A, b=
3.8163A and c = 11.6131A for the optimally Sb-doped
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123-YBCO phasewhichisfully agreement with those
mentionedintheliterature*®,

It is obviously that, the additions of Sb,O, hasa
negligibleeffect onthemain crystalline structure 123-
Y BCO by increasing Sh-content (x=0.1) asshownin
figure(la-c).

From figurela-c one canindicate that thetwo dif-
ferent doses of |aser beam irradiation the 1% 15 W/cm?
for 100min. and 2™ 30W/cnm?for 200min.haveadight
effect ontheinterna structureof theoptimaly So-doped
YBCO sampleasexpected butinour view it will givea
remarkabl e changements on the morphological struc-
ture.

SE-micr oscopy measur ements

Fgure(2a-c) show the SEM-micrographsrecorded
for non-irradiated optimally Sb-doped YBCO (Y Sb
,.Ba,Cu.0)) and after 1¥and 2 Nd-laser-irradiations
dosesrespectively. Theestimated averageof grainsize
was cal culated and found in between 0.11 and 0.60pm
(100-160nm) supporting thedatareported in'?",
The EDX examinationsfor random spotsin the
samesampleconfirmed and arecons gent with our XRD
analysisfor polycrysta linedoped-Y BCO composites,
suchthat thedifferencesin themolar ratiosEDX esti-
mated for the same sample is emphasized and an
evidencefor the existence of 123-YBCO supercon-
ductive phasewith good approximate molar ratios.
From figure (2a-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.
Thegrain sizefor 123-Y BCO-phase was calcu-
lated according to;
Scherrer’s formulal®,
B =0.87 A/D cos0 ()
whereD isthecrystdlinegrainsizeinnm, 6,half of the
diffraction anglein degree, A isthewavelength of X-
ray source (Cu-Ka) in nm,and B,degree of widening
of diffraction peak whichisequal tothedifference of
full width a half maximum (FWHM)of the peek at the
samediffraction angle between the measured sample
and standard one.

From SEM-maping, the estimated averagegrain
size was found to be (0.33-0.79um~330-780nm)
whichisrdatively largein comparison with that cal cu-
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Figure (3a-c): AC-magnetic susceptibility curvesrecorded

for; (a):Nonirradiated optimaly Sb-doped YBCO; (b):

After 1% Nd-Laser irradiation dose 15W/cm2, 100min.;

(c): After 2" Nd-L aser irradiation dose 30 W/cm?, for

200min.

lated applying Scherrer’s formula for pure 123-phase
(D~0.58um=580nm).

Thisindicatesthat, theactua grainszeinthemate-
rial bulk issmaller than that detected on the surface
morphology.Furthermore, inour EDX (energy disperse
X-ray) analysis,Sb** was detected qualitatively with
good approximateto theactual molar ratio but not ob-
served at 123-Y BCO grain boundarieswhich confirm
that, antimony (1) hasdiffused regularly into materia
bulk of superconducting 123-Y BCO-phase and Sb-
ioninducesinthecrystdlinestructurethrough solid Sate
reaction by someextent. Theinclusion of Sb-ioniscon-
firmed also by thedepressoninT_of Sb-added YBCO.

Super conducting properties

Figure (3a-c) showstheAC-magnetic susceptibil-
ity curvesfor non-irradiated optimally nano-sructured
Sb-doped YBCO (Y Sb ,Ba,Cu,O,) and after 1#and
24 Nd-laser-irradiations doses respectively.

Itisclear that, optimally nano-sructured Sb-doped
Y BCO exhibitsHTc-offset ~91.56 K corresponding
to 123-phasewhichisanneaed in oxygen and isno-
ticeableclearly in our XRD asmagjor phase.Thiscon-
firmed megneticaly theexistenceof 123-YBCOinhighly
pure phase.

From magnetization curves (meissner lines) onecan
notify animportant observation whichistheamount of
diamagnetic ratio interior materia bulk represented by
AM (difference between Meissner and shielded lines)
increases (shifted up) with increasing laser irradiation-
dosefrom 1% 15W/cm? for 200 min. and 2™ 30W/cm?
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for 200 min respectively referringto that laser-irradia-
tion has no effect on the Sb-(111) ion oxidation number
and consequently the conduction mechanism and mag-
netic order still asitiswithout noticeablechange.
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