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ABSTRACT

Saving energy loss through the conduction is the major goa for many
advanced countries so superconductors are the essential materia to achieve
such these dreams. The present investigations were concerned by synthe-
sisof pureBPSCCO (Bi Pb, ), Sr,Ca Cu,O, anditsvariant zirconiumcon-
taining compositeswith general formula: Bi,, Zr PbSr,Ca Cu,0O, and, where
x =0.1, 0.2 and 0.3 mole % respectively, were prepared via soultion route
(Freeze Drying Technique) to obtain nano-product. ZrO, has alimited ef-
fect onthe main crystalline superconductive 2212-phase asx amount added
increase asindicated in XRD measurements. SE-microscopy accompanied
with EDX proved that, solution route was the best in the degree of
homogneties and exact molar ratios. ZrO, exhibits strong interactions on
Raman spectral modes of 2212-phase. ZrO, hasasdight effect on Tc’s even
with maximum addition x = 0.3 mole. Finally the application of ZrO,-nano-
additives to the 2212-BPSCCO superconductors enhance the super-con-
duction mechanism and consequently save too much the amount of elec-
tricity loss on the main nets of electricity.
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INTRODUCTION

The cupratesoffer awidefield of possibilitiesin
termsof chemica compaosition, leading totunablephys-
ca properties. Consequently, cationic subgtitutionsand
thermd treatmentsare commonly used astoolsto modify
the characteristicsof areference-compound.

Partial replacement of bismuth by lead in (Bi/
Pb),Sr,CaCu,O,,, (Bi-2212) isknown toinduceim-

portant structural changes, asit suppressesthe c-axis
component of the modulationi*2, From the hole-dop-
ing point of view however, severa reports suggest that
Phb-incorporation doesnot affect the carrier concentra:
tionsgnificantly4,

It was noticed from resi stivity measurements®>™ or
diamagnetic shielding observationd® that theinterlayer
coupling would be affected instead, resultingin are-
duction of themateria’s anisotropy. On the other hand,
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oxygen non-stoi chiometry inthe Bi-based cuprateswas
not studied as extensively as it was for examplein
YBa,Cu,0 andthisisparticularly truefor the cat-
ion-substituted compounds. Nevertheless, it hasbeen
shown that oxygen excessin Bi-2212 variesinasmal
range but with agreat effect on T [***3 and is depen-
dent on the cati oni ¢ substitutiong414,

In the case of Bi-2212. The decrease of the oxy-
gen content has been mentioned to explain theabsence
of aPb-induced doping effect!*”8, but only afew data
areavailableintheliterature. Superconducting proper-
ties of Bi-2212 depend on oxygen content!*®1, The
superconducting transitiontemperature T _ decreasesfor
x =8.18 and i sdependent on anneding temperatureand
cooling rate®,

Oxygen vacancies have al so been suggested asa
major source of flux pinningin BSCCO?., Thekinet-
icsof oxygen motion and theformation and migration
of oxygen defectsin BSCCO have been studied by
measurement of the oxygen—tracer diffusion param-
eters. These parameters provide not only input to the
theoretica point—defect models, but can also be useful
indevel oping fabrication techniques.

The pseudo-tetragonal 85K -BSCCO supercon-
ductor of Bi,Sr,CaCu,0O, or 2:2:1:2 consistsof oneCa
atom symmetricaly located between thel ayer sequences
Cu-0O, Sr-O and Bi-O each layer isparallel totheab
plane?, Most of studies reported on the 2223-phase
are on Pb-doped compositiond?-3U, Thereareafew
studiesreported onthe preparation of 2223 — from Pb
free compositions containing alargeexcessof Bi, Ca/
or Cu, for example, the nominal compositions
BiSrCaCu,0,*, Bi,Sr,Ca,Cu,0, Bi,Sr,Ca,Cu,0 >
and® werereported to lead ahigh volumefraction of
the 2223 phasewith variableamountsof impurity phases
such as 2212, Ca,CuQ, and CuO.

A largenumber of precursor methodsfor prepara
tion of 2223 werefound to be superior to the conven-
tional solid-stateroutes. It isknown that, among the
three superconducting phases of the Bi-Sr-Ca-Cu-O
system, only 2201 is stable under high-oxygen pres-
sures above 500°C both of 2212 and 2223-phases
transform to anew non-superconducting orthorhombic
perovskite with the same cation stoi chiometery®44,

Many previous authorg?™*! investigated the dop-
ing effect of 3d-elements(M =S¢, Ti,V,..,Fe,Co,Ni and
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Zn) on the Cu-site of BPSCCO system and they re-
ported that, the doping with 3d-elements affecting on
stabilization of structural phase (2223) isresponsible
for HTc-superconducting propertiesand thereisacor-
rel aion between 2223-superconducti ve phase stability
and thevalency of 3d-metal cation dopant. Reaction
kineticsand phase purity of the productswere observed
to be dependent upon the starting precursors during
theformation of 2223, 2212 invariably formsasanin-
termedi ates have been incorporated to form 2223 plus
someof impurity phases. The presenceof transent lig-
uid phase such as Ca,PbQ, isreported to be essential
for diffusion of additional Caand Cuionsintothe2212
framework“>45, A special method was used tointro-
ducePbwhich significantly influenced thephasedeve -

opment and superconducting properties of the 2223

product(*l,

Wu et d .1 have used Raman techniquesto iden-
tify variuosphases present in BPSCCO regimeinclud-
ing akalineearth cuprate, CuO, Bi-2212,Bi-2223 and
Pb-contai ning phases specidly (S/Ca) ,PO,.

Luetd . haveinvestigated theeffect of MgO and
Ag,0 oxidesadditives on the microstructureand super-
conducting propertiesof BPSCCO system and reported
that, MgO addition did not affect theformation rate of
2212-phasewnhichyiedsto 2223-phase, and could sup-
pressthe growth of Bi-free non-superconducting sec-
ondary phasesfurthermore, Shelkeet d [ haveinvesti-
gated a so the effect of HgO addition on the supercon-
ducting properties and microstructural properties of
BPSCCO superconductor system deducing that, Tcs-
offsetsfor 2212-BPSCCO variated in between 60 and
72 K according to theamount of HgO added.

Orlovaet a ™ haveinvestigated theeffect of ZrO,
addition (1W1% to 5W1t%) on the superconducting
propertiesof sintered 123- Dy-Ba-Cu-O system and
deduced that thebest flux pinninginamagneticfield
was achieved with maximum amount of addition ZrO,
(5W1t%). Theaim of the present work istoinvestigate
theinfluence of high va ency cations nano-Zr* inclu-
sion additiveson the hole-superconducting and physi-
ca propertiesPBSCCOregimeamingfor:

1. Stabilizing oxygen content by using high charge cat-
ion (Zr*) partidly in placeof lower one (Bi** /Pb?)
gte

2. toavoidtoxicity of heavy metal (lead).
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3. Enhancing the superconduction mechanismto save
energy lossduring conduction.

EXPERIMENTS

Samplespreparation
Solution route (Freezedry Synthesis)
The pure (Bi,.Pb, ),Sr,Ca Cu,O, and its variant

Zirconium containing compositeswith genera formula:

Bi,, Zr PbS,CaCu,0O,, wherex=0.1,0.2and 0.3 mole
Y% respectively, were prqoared using freezedrying tech-
niquestartingwith estimated nitrate solutions (0.2M) for
all cationsexcept lead took aslead acetatefollowed by
mixing theexact volumesinliquid nitrogen matrix then
theresultant forwardedinto freezedryingmachine(dow
Programm for sengtive samples~90 hrs). Theobtained
powderswereground and introduced to the samecycle
of thermal trestment mentioned above.

Phaseidentification

TheX-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 with
two thetastep scan technique.

Scannig Electron Micrascopy (SEM) measurements
were carried out using asmall pieces of the prepared
samplesby using acomputerized SEM camerawith €l-
ementa anayzer unit (PHILIPS-XL 30ESEM / USA)

Super conducting 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 heliumrefrigerator.

Raman Spectroscopy measur ements:

The measurementsof raman spectrawere carried out
onthefinaly ground powderswith Laser wavelength =
632.8 nm (He-Ne laser) and laser power applied to
the site of the sample = 0.4 mW with microscope ob-
jective=x20.

RESULTSAND DISCUSSION

Phaseidentification:
Figure (1e-h) : displays the X-ray powder
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diffractometry patterns of the pure
(Bi,Pb, ),Sr,Ca Cu,O, and variant Zr-additive con-
tent composites : BiZr, ,PbSr,CaCu,0,,
BiZr, PbSr,CaCu,0,, and BiZr, PbSr CaCu O, pre
pared vi afreezedryl ngtechnique r&pectl vely. And ysis
of the corresponding 20 va uesand theinterplanar spac-
ingsd (A°) were carried out, and indicated that, the X-
ray crystalinestructure mainly belongstoasingletet-
ragonal phase 2212 in major besides Ca,PbO, sec-
ondary phaseinminor. Theunit cell dimensionswere
cd culated usngthemost intense X -ray reflection pesks
(see TABLE 1) to be a = b = 3.8141A° and c =
30.7732 A° for the pure 2212-BPSCCO phase which
isinfull agreement with thosementionedinliterature.

[ 2212-BPSCCOFDT |

—-——M—r-—Jt l L FL.L,__.__

.!‘-—\_AJL_LIL-F:‘»

(1)

M-‘L' W

J [ 0.1 mele Zro +2212 |
! l\-JL-L»—--‘—-J'L«-Jn-*-rll--_.\.i'--'-\r‘dw"
L] 3 ]

"‘l_:_l'll IIIIIII

Intensity (a.u.)

|| [2meote z10,+2212

(g)
’l"“‘“‘*‘*-r-*-w" ld.. JJ \

SETTRTTN

"y u._k;A_.'LqL:r.k, Mo P

[0.3mole Zro,+2212

b
i

{h)

40
Two Theta

(e) x =0.0 mole (f) x = 0.1 male (g) x = 0.2 mole (h) x = 0.3 mole
super conductors prepared by freeze drying technique.
Figurel(e-h): X-ray diffraction patternsfor the pureand
variant ZrO, 2212-BPSCCO
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TABLE 1: Thecalculated lattice parameter sfor thepre-
pared samples.

Material a=b (A9 c (A9
(Bio5Po.5)2Sr2Cay Cu,Og 3.8141 30.7832
BiZrg1PbSr,Ca;Cu,0, 3.8254 30.5720
BiZrg,PbSr,Ca; Cu,0, 3.8332 30.1827
(BiZro3PbSr,Ca Cu,0, 3.8264 30.1731

Itisobviousthat theadditionsof ZrO, hasanegli-
gibleeffect onthemain crystalinestructure 2212-phase
by increasing Zr-content (x =0.1— 0.3mole).

From TABLE (1) onecanindicatethat c-axisde-
creases as zirconium dopant concentration increase

A i Pl ———————
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from 0.1to 0.2 whileno noticeabl e effect from 0.2 to
0.3. Thisisanindicationfor (Zr*) might substitute by
some extent in the superconductivelatticeand corre-
lated with atomic radiusof zirconiumwhichissmaller
than that of bismuth (Zr* = 0.72A° while Bi**is1.17
A°) and alteration of Ca/Sr ratios which for c-axis is
dependent(?.

Some authors“® reported that the formation of
2212-phase comesfrom the step sequencereaction:

Ca,PbO, - CaO + Pb-rich-phase (@)
2Ca0 +CuO - Ca,Cu0, 2
Bi,O, +Pb+Cu0 -> (Bi/Pb),CuO, (3
(Bi/Pb),Cu0,+2SrO > (Bi/Pb),Sr ,CuO, 2201-phase (4)

%(CuO + Ca,CuO,)+ 2201 > 2212-phase (5

Inthisrespect, one can expect that ZrO,-additives
to 2212 system produce some of Zr-based phases
whichishighly compatible with the superconductor
phase specidly the solubility of zirconiumisenhanced
viaintermediate zirconate formation at the expense of
theoriginaly present Caand Sr*Y.

Thus, equilibrium between Bi-2201 and Sr,
.Ca ZrO, was achieved throughly theinitial stage of
gynthesis:

Zr* +CalSr > (CalSr)ZrO, ©6)
(Ca/Sr)ZrO,+CuO+2201-Bi,Sr ,CuO,+Pb-rich >
2212 )

Thus, theamount of zirconate might be amorphous
and consequently too difficult to be detected by X-ray
means even for maximum Zr-addition x = 0.3 mole.
(see Figureld),theseresultsarein partial agreement
withl,

Liuet a .53 supporteand reinforceour view intheir
studies on phase transformation and conversion for
2201->2212 deducing that the optimal anneding tem-
peratureto convert liquid phase of (Bi-Pb-Sr-Ca-Cu)
mixtureinto 2212-phaseis 795 °C and at annealing
temperaturesin therange (830-845 C°) 2223-phase
decomposes to 2212 plus other phases and conse-
quently 2212-becomesthe mgjor phase.

Raman spectr oscopy

Figures(2a-d) : showsthe Raman spectrogramsfor
pureand Zr(1V)-added 2212-BPSCCO system. From
themodesfrequencieswhich arelisted and compared
with somereferencessee TABLE (2), onecanindicate
that 2212-BPSCCO phaseisthe domainating phase
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TABLE 2: ModeFrequenciesof Raman spectrarecor ded for
Zr(1V) added-2212 BPSCCO in the present work in contrast
with somer eferences.

Present work Modefrequenciescm?®  Zr-added -2212
e 2212x=0 x=01 x=02 x=03

282 285 261* 259* 265* 259*
296 295 324+ 346+ 323+ 321+
313 355 373* 403* 412* 412*
391 400 406 461* 461* 454*
469 465 501* - - -

- 497 579° 550° 558° 549°
631 630 627* 625* 631* 634*
659 660 660* 651* 659* -

* 2212-phase, + 2201-phasg, ° (Sr/Ca),PbO,

present in our polycrystalline BPSCCO beside small
tracesof strontium cal cium plumbates and 2201-impu-
rity phases.

It can beconcluded from referenced®4 47 for the
undoped 2212-phasethefirst order Raman modefre-
quenciesaremainly located a thefollowing rangesi.e.,
290-330, 460-470, and 620-640 cm™! (the given
ranges depend on samplescompositions) and the most
important modes frequenciesarethe A, modeof O
atomsvibration aong the c-axis (290-330 cm™'), the
the A, mode of O, atoms vibration aong the c-axis
(460- 470 cmh), and thethetheA modeof O, atoms
vibration along the a-axis (620- 640 cmt) WhICh isin-
duced by orthorhombic distortion. Furthermore, another
shoulder peak (650-660 cm ) at the higher frequency
sdeof the~630cm! linewhichisfully typica with our
results. Thisshoulder isascribedto A vibrational mode
of extraoxygen atomsresidinginthedoublelayerg=*,

It isimportant to notify that the mode frequency
lying at ~630 cmtisusualy themost intense band for
all three phases of BPSCCO superconductors
(2201,2212 and 2223)when they arein apolycrystal-
linestate.

From Figure (2a-d), Raman spectrograph for 2212-
BPSCCO and its added Zr-2212 samples, the only
violation from referencesof snglecrystal Raman spec-
trumistheband lies~324 cnr* whichisascribed tothe
2201 phase as reported in2 and the band appears ~
500 cm* which aso bel ongsto our main phase 2212
as reported by Sapridl et al.* who appearsin their
Raman spectrogram for 2212 singlecrystal band lies~
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497 cm* whichisfully supporting our results. Theband
appears ~ 560 G10 cm* isindicated by existence of
lead-rich phase (Sr/Ca) PO, asreported in*" that also
confirmedinour XRD.

From Figure (2a-d), it isclear that, asamount of
Zr(IV)-added increases the bands lie ~ 579 corre-
spondsto lead-rich phase plumbates) and the shoul der
at 660 cm'! (correspondsto the vibrational modes of
extraoxygen atomsinsidethe bi-layer BPSCCOS354)
beginto bebroad till complete broadening with maxi-
mum additionx = 0.3 mole. Inour opinionit might due
to Zr(1V) added consumes some extent of Sr/Caand
extraoxygen to form zirconate impurity amorphous
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phase asdescribed in eg.(6).
SE-microscopy measur ements

Figure (3a-d), show the SE-micrographsfor pure
and Zr-doped PBSCCO with x = 0.1 - 0.3 mole
prepared by Freeze Drying Technique. The samples
were measured asfine ground powders, theaverage
particlesizeestimatedto bein between 0.3and 1.4 um
whichisconsidered high to that estimated from solid
stateroute. The micrographstaken are more homoge-
neous than those for samples prapared viasolid state
route which reflect the priority to freeze drying tech-
niguethan solid stateroute (SSR).
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Figure2a-d : Raman Spectrafor Zr-added-2212-BPSCCO

TABLE (3-6), istheEDX averagedataestimated
from examinations of random spotsinsidethe same
samplefor pureand Zr-added polycrystalline doped -
PBSCCO prepared by freez dry technique.

Theandyssof EDX dataobtanedfromTABLE (3)

flano Soienoe and flano Teohnology

for pure 2212BPSCCO prepared by solid state route
(SSR) giveusthefollowing, soichoimetricmolar ratios
Bi/Pb:Sr:Ca:Cu:0=163:1.66:1:189:7.7while
the EDX anaysis for the same parent pure-2212
BPSCCO prepared by freez dry techniquesee TABLE

e Tntian frnal,
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(4)Bi/Pb:Sr:Ca:Cu:0=184:198:1:1.98:8.13.
Theseresultsproved that, the differencesin themolar
ratiosSEDX estimated for the same sampleistotally bet-
terinFDT thet emphasized dsointheir magneticbehaviour
and good evidencefor theexistence of 2212 supercon-
ductive phasewith good approximatemolar ratios.

TABLE 3: EDX elemental data for pure-2212-BPSCCO T pcev et am oo
(FDT). v
2212-BiPb 2212-BiPb
Element Wt % AX?;ge K-Ratio  Z A F
OK 15.63 51.25 0.029 1.1894 0.1531 1.0004
CaK 5.14 6.32  0.0379 1.1433 0.6253 1.0021
CuK 18.11 12.48 0.1831 1.0236 0.9507 1.0323
PbL 18.71 565 01513 0.8181 1.0218 1.0178
BiL 19.24 598 0.1664 0.8155 1.0121 1.0211
SK 21.21 1251 01923 09674 09783 1
TABLE4: EDX demental datafor 0.1 moleadded-Zr O,-2212-
BPSCCO (FDT).
Element Average K- z A F
At% Ratio
OK 53.26 0.029 1.194 0.1531 1.0004
CaK 7.53 0.0379 1.1433 0.6253 1.0021
CuK 15.13 0.1831 1.0246 0.9507 1.0313
Bil 14.18 0.1664 0.8175 1.0131 1.0211
SrK 13.31 0.1923 0.9674 0.9783 1
ZrK 1.657 0.0253 0.9735 0.9832 1
TABLES5: EDX demental datafor 0.2moleadded-Zr O,-2212-
BPSCCO (FDT).
Element AX?(;QG R';tio z A F
OK 53.56 0.029 1.194 0.1631 1.0004
Cak 7.63 0.0379 1.1433 0.6253 1.0021
CuK 15.18 0.1831 1.0246 0.9507 1.0313
BiL 14.28 0.1664 0.8175 1.0131 1.0211
SrK 13.31 0.1923 0.9674 0.9783 1
ZrK 3.157 0.0253 0.9735 0.9831 1
TABLE 6: EDX elemental datafor 0.3moleadded-Zr O,-2212-
BPSCCO (FDT).
Element AXfr(;ge RI;tio y A F
oK 52.53 0.029 1194 0.1531 1.0004
CaK 7.63 0.0379 1.1433 0.6233 1.0023 : o
CuK 15.32 0.1831 1.0246 0.9507 1.0313 (d) 0.3 mole-ZrO,-added BiPb-2212 (FDT) .
BiL 14.61 0.1664 0.8175 1.0131 1.0221 Figure3a-d: SE-micrographsfor pure2212-BPSCCO pre-
SK 13.56 0.1923 0.9674 0.9783 1 pared by Freeze. Drying Technique (FDT) and variant added-
ZrK 4.61 0.0253 0.9735 0.9824 1 ZrO2samples.
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Super conductivity measur ements

Figure (4a-d): showstheAC-magnetic susceptibil-
ity curves(Meissner & Shielded lines) for pureand Zr-
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Figureda-d : AC- Susceptibility curvesfor Zr-added 2212 (FDT).

One can indicate that, 2212-undoped PBSCCO
sampleexhibitsHTc~74.95K correspondingto 2212-
phasewnhichisanned edin oxygen and noticegbleclearly
inour XRD asmagjor phaseand thistc for 2212-phase
isrelatively better than that prepared by freez dry tech-
nique ATc=0.65K. Thisconfirmed magnetically the
existence of 2212 in highly homogeneouspure phase,
whilethe sampleswith Zr-dopant x =0.1—- 0.3 mole
exhibit dight surpressintheir Tc’s 70.7,69.34 and 68.3
K respectively, which reflectsthe promotion of theho-
mogeneity degreeinfreezedrying (FDT) techniquethan
that prepared by normal. One can compare between
the two techniques of preparation SSR and FDT and
concludethat, thedifferencesin Tc’s between the mini-
mum Tc’s samples with x =0.3 moleis ATc=2.75K

flano Soienoe and flano Teohnology

emphasizethat, impurity phases such aszirconatein-
clusions or lead-rich plumbates dispersed regularly
throughout the sample mixturewith minimum ratios of
formation achieving maximum degree of homogeneity
asconfirmedin SEM and EDX analyses.

CONCLUSIONS

Conclusiveremarks can besummarized as;
1. Soultion route (Freeze Drying Technique) yield to
nano-product.
2. ZrO, hasalimited effect onthemain crystalline su-
perconductive 2212-phaseas Zr- amount added in-
Creases.
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3. Only lead-rich-plumbates appears as secondary
phaseinminor.

4. SE-microscopy accompaniedwithEDX provedthet,
solution route was the best in the degree of
homognetiesand exact molar ratios.

5. ZrO, exhibitsstronginteractions on Raman spectrd
modes of 2212-phase.

6. ZrO, hasadight effect on Tc’s even with maximum
additionx =0.3mole.

7. Findlythegpplication of ZrO,-nano-additivestothe
2212-BPSCCO superconductors enhance the su-
per-conduction mechanism and consequently save
too much theamount of electricity lossonthemain
netsof eectricity.
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