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Synthesis of superconducting Mg /MgB, composites
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Composites consisting of Mg and MgBohases were fabricated by liquid-metal infiltration
following two routes. First, a preform of MgBpowders was pressure infiltrated at 800 °C with
liquid Mg, which was subsequently solidified. Second, a preform of B powders was pressure
infiltrated with liquid Mg at 700 °C, resulting in partiain situ formation of the MgB phase.
Subsequent annealing at 950 °C increased the content of Mg@&ugh reaction between B and Mg.

All composites exhibited a pore-free structure with no significant additional phases and were
superconducting near 39 K. @001 American Institute of Physic§DOI: 10.1063/1.1427439

The recently discovered MgBsuperconductdris diffi- min, thus pushing liquid Mg into the evacuated Mggre-
cult to use in bulk applications due to its brittleness. Clad-form, and cooled to 200 °C ir-45 min. The resulting com-
ding of MgB, wires or tapes with a ductile metallic sheath is posite exhibits a density of 2.074 g/éms measured by wa-
one solution to this problefT.* An alternative approach con- ter displacement, corresponding to a Mg@lume fraction
sidered here is to create a metal matrix compod®C)  of 38 vol % [using a density of 2.63 g/chfor MgB, (Ref.
consisting of a small-scale, isotropic mixture between thel0)].
superconducting MgBphase and a ductile metallic phase. Optical and scanning electron microscd®=M) obser-
The metal improves toughness and crack arrest, and also aetgtion of metallographic cross sectiofgolished with SiC
as a heat and electric conductor in case of localized breakpaper in water and lapping with Am diamond in oil shows
down in superconductivity in the MgBphase. While the a fully infiltrated, pore-free composit@ig. 1). The Mg ma-
MMC approach is widely used for brittle ceramic cupratetrix is found to neither react with, nor dissolve the MgB
and intermetallic niobium-based superconductwi¢h silver  particles. Figure 2 is an x-ray diffractiofKRD) spectrum
and copper matrices, respectivelwe are aware of only two (acquired with a Rigaku D/MAX-IA diffractometer with Cu
articles on MgB-based MMCs. In a first report]i powders ~ Ka radiation showing that, beside the two main Mg and
mechanically alloyed at room temperature with 4 wt% MgB MgB, phases, the composite also contains small MgO
powders were found to react at 600 °C to form a ternary@amounts, probably formed by oxidation during processing.
boride, which is probably nonsuperconducting. In a recenfurther minor unidentified peaks cannot be matched to other
study® a compacted mixture of MgB-11wt% Al powders magnesium boride phases. The small peak at 38° has been
was vacuum sintered at 317 °C into a composite exhibitingdentified as the major B peak in a Mg—B reactivity studly,
superconductivity at 38 K; however, no information wasWhich may indicate that some elemental B is present, possi-
given about its microstructure, e.g., porosity and reactiorPly from the as-received MgBpowders.
products between the phases. Four-point-probe conductivity measurements were con-

Awidely used method to fabricate MMCs is liquid-metal ducted on a 15.512.8x1.4 mm sample, with current leads
infiltration,” where a ceramic preforrfconsisting of packed Press fitted at the end of the sample and voltage leads at-
powders, whiskers, or fiberds infiltrated, usually under tached with silver epoxy, defining a measuring length of 5.0
pressure to overcome capillary forces, by a metallic melf"mM. At ambient temperature, a resistivity of 46)cm was
which is subsequently solidified. Among the candidate met-
als for infiltration of a MgB preform, Mg stands out because
of its low melting point and its inertness towards MgBIn
this letter, we demonstrate that superconducting Mg&sed
composites can be produced by pressure infiltration of liquid
magnesium into preforms of magnesium diboride or boron.

In a first processing route, we used the standard pressure
infiltration technique involving a MgBpreform and liquid
Mg. A 14.1-mm-diam steel crucible was filled with 4.414 g
of 99% pure MgB powders(less than 44um in size, from
Alpha Aesay. A quantity of 7.028 g of 99.99% pure Mg was
placed above the tapped powder preform. The crucible was
heated in an evacuated pressure infiltfatar 800 °C in
~100 min and held at this temperature for 35 min. The in-
filtrator was then pressurized with argon to 3.5 MPa-ith

FIG. 1. SEM micrograph of the Mg/MgBcomposite fabricated by pressure
infiltration of MgB, powders with liquid Mg. The Mg matrixM) is pore
aE|ectronic mail: dunand@northwestern.edu free and no reaction is visible at the MgBarticle (P) interface.
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FIG. 2. XRD spectrum of Mg/MgB composites fabricated by pressure G, 4. XRD spectra of composites fabricated by reactive pressure infiltra-
infiltration of MgB, powders with liquid Mg. tion of B powders with liquid Mg(a@) before annealing angb) after anneal-

ing.

measured, as compared to 48 cm for pure Mg and~16
uQcm for pure MgB.* The resistivity of the sample im-  reacts chemically to form the desired ceramic phase embed-
mersed in liquid He was zero up to an applied current of 12.Qjeq in excess matrix material. This technique was applied,
A. The corresponding critical current density of 66 Afcim e.g., to synthesize SiC—Si composites by infiltrating a carbon
much lower than reported for sintered MgE due to the  preform with liquid silicon'® and it is used here to synthe-
low connectivity of the superconducting Mgihase in the  sjze a Mg/MgB composite by infiltrating and reacting a pre-
MMC. Magnetic susceptibility was measured from 4 to 300form of boron powders with liquid magnesium. A quantity of
K'in a magnetic field of 50 Oe after zero-field cooling, using 1 gg1 g of amorphous, 99.99% pure B powdgess than 44
a Quantum Design MPMS-5 magnetometerhwd 6 cm 1 iy size, from Alpha Aesarwas lightly pressed into a
s_a_mple travel. Figure 3 shows the onset of the magnetic trangee| crucible to a relative density of 30.8 vol %. The Mg
sition at 38 K, close to the value of 39 K reported for pure, metq), with a mass of 6.824 g, was separated from the pre-
sintered MgB.* The transition width is, however,.much form by a nonwetting 2.4 mm layer of inert MgO powders
larger than for bure Mgg as also reported for a sintered (josq than 149m in size, from Strem ChemicalThe same
MgB, /Al composite: This was attributed to large areas hav- jqsiitration procedure as above was used, except that the melt
ing degraded local superconductivityn our case, pure Mg, a5 held at 700 °C for 30 min. The core of the B preform
which is not superconductingrom the proximity effect and |, -« tound to be uninfiltrated with Mg.
disorder. _ _ _ Optical microscopy of the infiltrated region revealed a

As an alternate processing route, we investigated reags “continuous, phasvith a few, small porésand a few
tive pressure infiltration, where a preform of ceramic PreCurigolated metallic regions, consisting of veifis50 um in
sor is pressure infiltrated with a liquid matrix material which width and many miIIimetérs in lengttor islands(5-50 xm

in size. The XRD spectrun{Fig. 4a)] shows that these

| Mg/MgB phases are MgBand Mg, respectively, and that no other
0 (infiltratefi) N phases such as MgO or MgBare present. Because they are
OO amorphous, the original B powders are undetectable by XRD
and optical micrographs showed no trace of them. However,
-0.04+ £ SEM observation at higher magnification revealed that the
—_ Mg/B gray majority phase contains micron-size inclusions, presum-
g (infiltrated+annealed) ably B. While magnetic susceptibility measureme(fitig). 3)
L 08 confirmed that the sample becomes superconducting, at 37
- K, macroscopic samples with gauge length~ mm exhib-
ited nonzero resistivity at liquid-He temperature.
o124 The above observations are consistent with partial reac-
tion between B and Mg occurring during infiltration to form
Mg/B a discontinuous, superconducting Mgahase within a com-
(infiltrated) pacted matrix of unreacted, amorphous boron, also contain-
-0.167 ing large-scale inclusions of Mg. Such a structure could re-
o 10 2 3 M 50 sult from the compression of the loosely packed B preform

T [K]

by the pressurized melt, as reported for other infiltrated
MMCs with deformable preform¥ Indeed, only a modest

FIG. 3. Temperature dependence of magnetization of Mg/MugiBnposites

oy o
fabricated by pressure infiltration of MgBpowders with liquid Mg amount of preform compactiofie., from 30.8 to 38.4 vol %

(Mg/MgB,), and by reactive pressure infiltration of B powders with liquid density is sufficient to yield a MgB/B composite after

Mg (Mg/B), before and after annealing. complete reaction. The relatively low onset temperature of
Downloaded 17 Dec 2001 to 129.105.37.155. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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37 K can be explained, as for the previous composite, by  The author thanks A. M. Hodge for conducting the XRD
large areas of B and Mg with no local superconductivity. experiments and Professor W. P. Halperin for help in per-

A sample of reactively infiltrated composite was placedforming the conductivity measurements in his laboratory and
in an inert MgO bed, encapsulated in an evacuated quartor insightful discussions.
ampoule(together with some pure Mg to establish an atmo-
spherg, and annealed at 950 °C for 30 min. This treatment
was expected to lead to chemical equilibrium, based on a o o
reports that Mg and B powders reacted completely to form ija?uig?gitjgn ﬁ'lgikg??;ﬁ T- Muranaka, . Zenitani, and J. Akimitsu,

i 15 - .

MgB, upon holding f(DZ' h at 950 °C> Indeed, Fig. 4 shows  2g A Glowacki, M. Majoros, M. Vickers, J. E. Evetts, Y. Shi, and .
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