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Sonochemical modification of the superconducting properties of MgB 5
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Ultrasonic irradiation of magnesium diboride slurries in decalin produces material with significant
intergrain fusion. Sonication in the presence ofG®)s; produces magnetic F®; nanoparticles
embedded in the Mg bulk. The resulting superconductor—ferromagnet composite exhibits
considerable enhancement of its magnetic hysteresis, which implies an increase of vortex pinning
strength due to embedded magnetic nanoparticles20@3 American Institute of Physics.
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Controlled modification of the pinning properties of bulk bient atmosphere using direct-immersion ultrasonic horn
granular superconductors is an active area of applied an@onics VCX-750. A similar set of slurries was sonicated
fundamental research® Doping with different metal$l®  with the addition of 1.8 mmol of REO)s. The resulting
variation of stoichiometry: and nonsuperconducting phase material was filtered, washed repeatedly with pentane, and
precipitatiort? are recent examples of the chemical tuning ofair-dried overnight.
superconducting materials. Systematic modification of super- Magnetic measurements were conducted usigguan-
conductomorphologyprovides another way to influence in- tum DesignSuperconducting Quantum Interference Device
tergrain coupling and intragrain critical currefs® (SQUID) MPMS magnetometer. For magnetic measure-

Various techniques to control pinning properties of ments, the powder was sintered at room temperature at a
MgB, have been suggestéll. Alternative synthetic pressure of 2 GPa for 24 KStudy of high-temperature an-
routes®'® and postsynthesis treatmehtsfabrication of nealing is in progressThe average sample mass was 10 mg.
dense wires! pellets’® and taped® annealing in Mg The magnetic moment was normalized using the initial
vapor'® doping with Na?° Co, Fe?! Cu, or AgX® introduc-  slope,dM/dH, measured at 5 K after zero-field cooling. The
tion of SiC nanoparticle& Ag powder?® Ti precipitates*  slope is proportional to the fraction of the superconducting
synthesis of MgB/Mg nanocomposite®, intralayer carbon phase. For materials without magnetic nanoparticles, such
substitutio’!*?® have all been reported. normalization gives the volume magnetization. For compos-

In this letter, we report the sonochemical modification ofites containing Fg0; nanoparticles, the normalization was
grain morphology and intergrain coupling of polycrystalline done after subtraction of the paramagnetic contribution.
MgB,. The method is further extended for tiresitu syn- Scanning electron micrograpfiSEM) were taken on a
thesis and embedding of ferromagnetic nanoparticles, whichlitachi S-4700 instrument. Samples were additionally char-
are shown to act as efficient magnetic vortex pinning centersacterized by powder x-ray diffraction and differential thermal

In ultrasonically irradiated slurries, turbulent flow, and analysis. All reported results were reproduced on more than
shock waves are produced by acoustic cavitation. The impla25 samples. We use the following sample designations: origi-
sive collapse of bubbles during cavitation results in ex-nal MgB, powder(A) and sintered pelletAP); MgB, soni-
tremely high local temperatures-6000 K)Y*"?and also cre-  cated in decalin with various loadings of the slutpellets:
ates high-velocity collisions between suspended particleS1, 0.13% wt; S2, 0.26% wt; S3, 0.5% wt; S4, 2%);wt
with effective temperatures at the point of impact of MgB, sonicated in decalin with 1.8 mmol of E&0)s (pel-
~3000 K2° These high velocity collisions cause localized lets SF1, SF2, and SF3 with the same loading of MgB
interparticle melting and “neck” formatioA’2° The esti- S1, S2, and 93 SEM images of the origindlA and AP as
mated speed of colliding particles approaches half of thevell as the sonicated samplé®l and SFilare shown in Fig.
speed of sound in the liquid. MgBpolycrystalline powder 1. Samples A and ARa sintered pellet made from samplé A
(325 mesh, Alfa Aesarwas ultrasonically irradiated for 60 are shown in Figs. (&) and 1b), respectively; no particular
min at—5 °C in 15 ml of decalin0.13%, 0.26%, 0.5%, and structural modification was observed upon making the sin-
2% wt, respectively, at 20 kHz and 50 W/cnf) under am-  tered pellet. In contrast, the sonicated powder used for
sample SIFig. 1(c)] and sonicated with REO); for sample

aAuthor to whom correspondence should be addressed: electronic maiF1 [Fig. 1(d)] have distinctively modified morphologies.
prozorov@mailaps.org Even though the decomposition temperature of MgB
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FIG. 3. Magnetization loops dt=5 K for sonicated samples S1, S2, and S3

compared to the original sample AP. Width of the hysteresis loops is re-
duced, but the Meissner expulsion is not.

FIG. 1. Scanning electron images @ original MgB, powder, sample A;
(b) MgB, pellet, sample AP(c) MgB, sonicated in decalin, sample S1; and
MgB [ [ lin with le SF1. I . —
(@) MgB; sonicated in decalin with REO);. sample S Curves in Fig. 2 were normalized by the magnetization value
14 . at 5 K, and the paramagnetic contribution for the SF samples
(~1100 K)™ is lower than the effective local temperatures ..o g hiracted. Figure 3 shows the effect of sonication on
achieved during transient cavitation, the initial material aP-he magnetization loops measured at 5 K for samples with
pﬁfe”t'y ur;)dergog; su(rjface meltmg,lashl_mﬁlled l:lny Fg).1 different initial loading of MgB slurries. The loops become
! |iogc?<r/1 zg,sc? t|t " (;j-te o fe xtremely f'g coor:ng r%tej less hysteretic and more asymmetric for loading up to 1% wt,
(>. . s) hea !ngl to ormatllonho smoo: WEIDed after which the effect diminishes. This is as expected for the
grains in sonochemical process. in the case of a SUPETCOsaterial, where intragrain defects are annealed during soni-
ducto'r , Such morphol_oglcal chapges prqduce better 'me_rgra'@ation and most of the grains are fused together. This also
C‘?“p"”g and ann'eallng of .the. Intragrain defects', ConSISterE)rovides the evidence that Meissner expulsion in granular
V.V'th our observa_1t|ons. Sonlcgtlon of _I\/Igl_ihowder n de_ca— superconductors is mostly due to intragrain shielding and not
lin with Fe(CO)5 is accompanied by thie situ sonochemical to weak intergrain coupling
formation of iron oxide nanoparticl&sdirectly on MgB, As shown in Fig. 4, the situation is different for the
grain surfaces, while concurrent ultrasound-driven meltingsamples sonicated with FeO)s. The magnetization loops
resu[ts in_embedding of BO; nanoparti.cles into the MQ?E,’ are more hysteretic compared to sample A. However, the
"?a"_'x' Fig. 1d). The embedd(.ad-paruch-.:‘s acF as ef_f'c'enthysteresis decreases with increasing Mggading. This is in
pinning centers where magnetic interaction with Ab”kosovagreement with the results of Fig. 3 where the optimum ef-
vortices provides extra force in addition to the core pinNiNg.sot of sonication was achieved for 0.5% wt of MgBlurry
S!mllar enhar]cemenF was reported in 1966, for Hg—In alloyﬁzigure 5 shows magnetization loops measured in sample SF3
with mechanically dlsperseq Fe nanopartictes’ Relat_ed at 30 and 42 K. The curve at 42 K is well described by the
re cent work has also examined the effect of magneu_c palrI'_angevin function, indicative of a superparamagnetic behav-
t!cle534pls%ced on the ;urface of lowe superco_nductmg ior. The hysteresis af=42 K is due to some magnetic an-
f!lrlns. ._ ﬁuLmethod IS t% embed ferromagnetic nan°|O":1r"|s,o'rropy and dipole—dipole interactiotisof the dispersed
tic e:mto 2'9 th sg\lep(::'rrcon uctors. di ic field Fe,O; nanoparticles, and it is much smaller than the hyster-
'gure = show .( ) curves measured in magnetic "eld esis due to pinning. We verified this conclusion by measuring
of 10_Qe after zero-field coollngZFC). The superconducting .o nant magnetization as a function of temperature.
transition  temperature remains - unchangel~38.5 K. The irreversibility practically disappears &t. The dif-
ference AM =M (30 K)—M (42 K), shown by solid squares
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FIG. 2. Zero-field cooled magnetization measuretiin 10 Oe, normalized  FIG. 4. Magnetization loops measured Bt5 K in MgB, sonicated in
to its value at 5 K. The paramagnetic contribution for SF samples waglecalin with F€CO)5. The hysteresis is largest for the lowest loading of

subtracted using Curie—Weiss law measured up to 150 K. MgB,.
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FIG. 5. Open symbols—measured magnetization loops for sample SF

filled squares—same curve with paramagnetic contribution subtracted:; fille

circles-M(H) curve measured a =42 K. The solid line is theM(H)
curve of the unmodified MgB sample AP measured at 30 K.

in Fig. 5 is typical for a superconductor with significant pin-
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