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The brittle superconductingoxideYBa2Cu307wasshockedto 6.6 and 10.3
GPawithoutmacroscopicfracture. The melt-textureddisk-shaped
specimenwaspreferentiallyorientedandwasshock-compressedat an
angleof about30° from the effective c axisof thisorthorhomblc-phase
specimen.Subsequentannealsof the 6,6 GPaspecimeninoxygenat 890oC
produceda magnetichysteresiswhich is enhancedrelative to the initial
unshockedstate, asexpectedfor shock-induceddefects,

Introduction

Bearingsmadefrom newhigh-transition-temperature(high-To)
superconductingoxidesare a possibleapplicationof these new
superconductors.Externalmagneticfieldsare generatedin suchbearings
by superconductingmagneticfluxoidswhichshouldbestronglypinnedin
the lattice to preventdissipativelosses,The purposeof a
superconductingbearingIs not to transporthighcurrentsandthusthe
problemof relativelysmallintergranularcriticalcurrentdensityin
polycrystallineoxidesuperconductorsIsminimized,However,
lntragranularcriticalcurrentdensityneedsto be increasedby Increasing
the numberandstrengthof flux-pinningsiteswithinthe lattice, Inso
doing,the magneticfield whichcanbe generatedandsustainedby a
bearingmaterialis Increased.Highdensitiesof lattice defectsare
Inducedin shock-compactedpowdersof ¥BazCu307andthe dislocations
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and stacking faults generatedare effective in increasingflux-pinning
energiesandintragranularcrlttcal current densities.1 However,an
effective technique Is neededto shock-inducelattice defects in high-Tc
oxideswhichdoes not fracture the specimen. Thesedefects should
enhanceflu×-plnningenergiesandintragranularcritical current density.
In addition, the shockedsuperconductingmaterialshouldhave an enhanced
magneticmoment causedby superconductingfluxoidswhichpoint in the
samedirection for maximummagneticmoment.

An attractive materialto investigate is YBa2Cu3OT,becauseof its
excellen1_superconductingproperties. An ideal form of YBazCu307 to
investigate is melt-textured material becauseit consistsof large disk-
shapedgrainsseveralmm acrossand several10 t_mthick, in which the c
axisof the orthorhombic crystal structure is alongthe thin direction of
each disk-shapedgrain. Superconductingfluxoidspoint preferentially
alongthe c axis. Thesegrainsare preferentiallyalignedin melt-textured
YBa2Cu307suchthat their c axespoint in acommondirection normalto
the planeof the specimen. Thus,melt-textured YBa2Cu307material has
the crystallite arrangementneededfor a high-Tcsuperconductingbearing,

ShockedSpecimens

Our objective is to shock-inducelattice defects in a
cn.tstallographicalyaligneddisk without fracture, at leaston a
macroscopicscale, In this way, anoriented shockedspecimencan be
annealedand its superconductingpropertiesmeasuredIn astraight
forward manner. The slip planesin YBa2Cu307are In the basal planeof
the orthorhomblc crystal structure.2 Thus,shockingalongthe c axis
normal to adisk-shapedsinglecrystal is expectedto fracture it into
many smallpieces,sinceno slip direction is availablealongthe shock
direction, Suchfracture iswhat we observedby shockinga
1minx1mmx20_mYBazCu307singlecrystal alongthe caxis while it was
embeddedin Ag powder.3 Accordingto Schmid'slaw the shearstress
acrossthe (001) planeand hencethe dislocationdensity shouldbe
greatest in those grainsoriented with the c axisat an angleof 45° with
respect to the shockdirection. A similarYBa?_Cu307singlecrystal in Ag
powdershockedat 45o from the basalplanebroke into only a few pieces
which were heavilydefected.4 Thus,controlling the orientation of a
crystallographlcalyoriented specimenwith respectto the shockdirection
is an effective way to control fracture whileshock-inducingdefects.

For this reason,two densemelt-textured YBa2Cu307specimendisks
7,7 mm In diameterand 1.1 mm thick was embeddedin a steel recovery
capsule,whichin turn wasembeddedtn a steel fixture, andshockedto 6.6
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and 10,3 GPaat an angleof 300 with respect to the averagec-axis
direction of YBazCu307,A 6.5-m-longtwo-stage light-gas gun with a 20-
ram-diameterbore was usedto generatethe shockwaveby impact. The
velocity of the lexanprojectile was chosento give the desiredimpact
pressurein steel. The experiment is illustrated in Fig, 1;in thls
configuration the direction of shockpropagationIs 300from the average
c-axisdirection of the disk-shapedYBazCu307specimen.

Results

Both impact pressuresin anoriented melt-textured YBazCu307disk
produceda one-plecespecimen.Thespecimenshockedto 6.6 GPawas
easilyhandledwithout breakingfor post-shockannealingandSQUID
magnetometermeasurements;SQUIDdata was not obtained for the 10.3
GPaspecimen. The shock pressuredid not changethe initial
superconductingtransition temperatureof 92 K for the 6.6 GPaspecimen,
as measuredby a SQUIDmagnetometer(Fig, 2). The field-cooleddata at
4_M/H---O.5for an appliedfield of 20 Oeare weaklyaffected by the shock.
The zero-field-cooleddata aresensitiveto shock;at low temperature, for
example,the SQUIDsignal is reducedby a factor of 2. However,a 24 hour
annealin oxygen at 890° Crestoresa major fraction of the SQUIDsignal,
Thesedata suggest that the high-pressureshockwavecausesoxygen
disorderand/or generatesdefects, the superconductingeffects of which
are Improvedby annealingin oxygen,

Magneticmoment inducedin a specimenwas measuredasa functlon
of appliedmagneticfield up to 40 kOeat 70 K. Magnetichysteresis ts the
difference in magnetic moment inducedon increasinganddecreasing
appliedmagnetic field. Magnetichysteresis Issensitive to shock-induced
changesin the microstructure of the material andto changesin critical
current density. At an appliedmagneticfield of 1 kOe,annealingthe
specimenin oxygenwas found to increasethe magnetlchysteresisof the
specimen. This meansthat the abilityof the shockedandannealed
specimento act asa magnetic-bearingmaterial is enhanced.

MagnetichysteresisAMversusappliedmagneticfield was measured
initially, after shocking(Fig, 1), and after heat treatments in oxygen at
8900 C for various times, followedby 4 hours in oxygenat 4500 after a
slow cooldownfrom 890° C. The results for an appliedfield of 1 kOeare
plotted in Fig.3 asAMversuscummulativeannealingtime at 890° C, The
specimenwas annealedfor a giventime, removed,from the furnace,AM
was measuredwlth a SQUID,the specimenwas annealedagainat 8900 C,
andthe processwas repeated. Thedashedbaselinein Fig,3 is the
referenceresult for the unshockedspecimen, At zero annealingtime the
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lower aM point is for the as-shockedspecimen;the upperaM point
correspondsto i0 minutes at 890° C, After a cummulativetime of 1S
hours,AM Is enhancedover the starting value. An ehancementof about
15% is observedafter a cummulativeannealingtime of 48 hours. For this
specimenthe enhancementin AMpersists upto about $ kOealthough it
decreasesabove 1 kOe.

Theseresultsshowthat the brittle oxideYBazCu307canbe shocked
to 6.6 and10.3 GPawithoutmacroscopicfracture,providedthe disk-
shapedspecimenisin the preferentiallyorientedmelt-texturedform and
is shock-compressedat an angleof about30o from the effectivec axisof
thisorthorhomblcspecimen.Subsequentannealsinoxygenat 890oCof
the 6.6 GPaspecimenproducea magnetichysteresiswhichisenhanced
relativeto the initialunshockedstate,asdeslred.
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