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We report on the preparation of dense monofilamentary MygBand MgB,/Fe tapes with high

critical current densities. In annealed MgBli tapes, we obtained transport critical current densities

as high as 2.810° A/lcm? at 4.2 K and 1.5 T, and for MgBFe tapes 1b A/cm? at 4.2 K and 6.5

T. An extrapolation to zero field of the Mg#e data gives a critical current value-of. MA/cm?,
corresponding to a critical current value well above 1000 A. The ljjgkialues obtained after
annealing are a consequence of sintering densification and grain reconnection. Fe does not react
with MgB, and is thus an excellent sheath material candidate for tapes with selffietdues at

4.2 K in excess of 1 MA/crh  © 2001 American Institute of Physic$DOI: 10.1063/1.1415349

The recent discovery of superconductivity in Mg& 39 and 980°C for the MgB/Fe and MgB/Ni tapes, respec-

K (Ref. 1) has spurred a considerable volume of fundamentatively. Mass losses were less than 0.2%. Recrystallization
and applied research. High transport critical current densitieand sintering strongly improved the intergranular connectiv-
(i) have been reported both in Mglbulk sample$™*and ity, yielding denser filaments as can be seen in Figs. dnd

in thin films>° Due to its relatively high transition tempera- 1(d). We estimated the filament density after annealing to be
ture, weak-link free grain boundariésand low cost, this close to the theoretical density of 2.62 g/énf.Sintering
material is interesting for different applications, such as sucaused the core to shrink and the filling factors to decrease
perconducting tapes. Canfiedtal® reported on MgBwires  from 28% to 26% in the MgB/Fe. The filling factor in
with inductive self-fieldj. values of 16 A/cm? at 4.2 K. MgB,/Ni tapes showed an even stronger decrease from 20%
Several research groups have reported on Mgles or  to 14%, due to the formation of 15 um thick reaction
tapes using the powder-in-tulBIT) method, either with'*  layer consisting of MgNi between the sheath and the fila-
or without®*3 heat treatment after deformation, with trans- ment[Fig. 1(e)]. This reaction consumes some of the Mg and
port j. values at 4.2 K and in zero external field in the rangethus increases the porosity. No reaction was found in the
of 10*~1C A/cm?. Different sheath materials have been MgB,/Fe tape[Fig. 1(f)], and x-ray measurements of its
used. Toughness and chemical compatibility with MgBe  crushed core revealed5% of MgO as the only impurity
reported to be crucial for fabricating long MgBapes with  phase.

high critical current$®21n this work, we report on highz Figure 2 shows ac and dc susceptibility data for the
PIT tapes using Ni and Fe sheaths. We compare microstrudigB, cores before and after annealing, and for the starting
ture, superconducting transition, ajjdbetween the as-rolled powder. As-rolled and annealed tapes showed an onset of the
and the recrystallized tapes, and find a significant improvesuperconducting transition at a lower temperatareund 37
ment of thej. values after heat treatment.

The MgB, tapes were fabricated by sealing commercial
98% pure MgB powder (Alfa-Aesa) into Ni or Fe tubes a)
under an inert Ar atmosphere. The Ni tubes had an outer ‘
diameter(O.D.) of 12.7 mm and an inner diametgm.) of 7
mm, while the Fe tubes had an OE8 mm and an |.D=5
mm. Both ends of the tubes were sealed with lead pieces.
After drawing to a diameter of 2 mm, the wires were cold
rolled to a thickness of 23@m for MgB,/Ni and 375um
for MgB,/Fe. The superconductor filling factors were 20%
for the MgB,/Ni tapes and 28% for the MgBFe tapes. Fig-
ures 1a) and 1b) show scanning electron microscopy (©)k
(SEM) micrographs of polished cross sections of the as-
rolled tapes, indicating a tightly packed powder with grain
size of 0.5—2um, markedly smaller than the initial grain size
due to deformation-induced grain refinement. These tapese. 1. SEM microstructures of the MgRapes: (@) MgB, core in the

were annealed for 0.5 h in a pure Ar atmosphere at 950 °Gs-rolled MgB /Ni tape, (b) MgB, core in the as-rolled MgBFe tape,(c)
MgB,/Ni core after annealingd) MgB,/Fe core after annealinge) reac-
tion layer in annealed MgBNi tape, andf) annealed MgB/Fe tape, show-
3Electronic mail: hongli.suo@physics.unige.ch ing no reaction layer.
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v samples. The current, at which quenching occurs, was con-
0.00 dusrrbristrasiass A siderably higher for the MgBNi tapes than for the
o.w,%ﬁ::::::::::ﬁzgr ? MgB,/Fe tapes, presumably due to the smaller core thick-
—_ 025 P - ness: the amount of heat generated in a bulk dissipation pro-
22 '0'25'340.50 : o cess is proportional to the core volume, whereas the cooling
:; 3.0.75 :1 . : efficiency is proportional to the core surface. To fully exploit
2 08012 o0 RS resssnaadint ﬁ the potential of this material, it will be essential to use thin-
> e T Y / ner cores or multifilamentary tap&s*®
0754 The as-rolled MgB/Ni tape had a self-field transpojrg
,,,,,,,,,,, values of 6.X10* A/lcm? at 4.2 K. In a field of 2 T, ity
-1.00 value was~30% higher than for the as-rolled Fe-sheathed

15 ) 25 30 35 40 tapes. As reported by Grasst al,'? we found an inverse
T . - . .
® correlation between the filling factor arjd,?° partially ex-
FIG. 2. ac susceptibility0.1 Oe and 8 KHgand dc SQUID susceptibility  plaining the difference irj. values for the as-rolled tapes.
(20 Og as a function of temperature for both as-rolled and annealed,MgB ; o ; _
tapes (1) MgB,/Fe annealed(?): MgB,/Ni annealed(3): MgB, /Fe as- Although the sheath maFerlaI _and the filling factor are impor
rolled, (4): MgB, /Ni as-rolled, and5): starting powdek tant parameters to obtain gogd values for as-rolled tapes,

we only expect significant improvementsjgfin heat treated

K) than the starting powde88 K). This lowering ofTc may ~ Samples.

be explained by deformation induced stresses, which are not During annealing, the core material recrystallized and
completely released after annealing, as confirmed by x-ragintered, thus strongly improving connectivity. This led to a
pattern refinement. Note than situ measurements of the significant enhancement of the transpirivalues, which in-
pressure dependence B¢ have also revealed a decrease ofcreased by more than a factor of 10, reaching 2.3
Tc upon compressive straif®.8—2 KIGP3™®being only ~ x10° A/lcm? in 1.5 T for MgB,/Ni (Ic=300 A and
partially recovered when the pressure is reledéedore- ~10* Alem? in 6.5 T for MgB,/Fe. Comparison with the
over, the deformation dramatically affects the grain connechigh-pressure sintered bulk sample, whose trangpast es-
tivity as shown by the marked weak-link behavior of the sentially equal to the intragranulas, shows that also in our
as-rolled tapes, indicated by a dissipative peak/inand  snnealed tapeis is only marginally affected by connectivity
confirmed by superconducting quantum interference devicgg,es Additional inductive measurements revealed that the
(SQUID) magnetometry” After annealing, the connectivity temperature dependencejgfin the annealed tapes was very

is recovered and the tapes present a unique and sharp SUP§Hilar to that of the bulk sampf&. The different transport

conducting transition. n4c values in the annealed MgBNi and MgB,/Fe tapes were

Transport critical currents were measured on 45 m inlv due to chemical Th tion bet Ni
long tapes pieces in a He bath at 4.2 K. The voltage contacf@@n!y due 1o chemical reasons. the reaction between I

were 10 mm apart, and the voltage criterion used was and MgE’Q_disturbed the stoichiometry of the core, _increased
uVicm. The magnetic field was parallel to the surface of theN€ Porosity, and lowered the transpyt Extrapolating the
tape and perpendicular to the current direction. The field defield dependence of transpggtin Fe-sheathed tapes yielded

pendence ofj, in the MgB,/Ni and MgB,/Fe tapes, both self—field value§ as high as 1 MA/@mThe same high value
before and after the annealing, is shown in Fig. 3. For comof j. was obtained from inductive measurements performed

parison, the transpojt, for a hot forged bulk MgB samplé  in a vibrating sample magnetometf/Such a highj, corre-
is also shown in Fig. 3. Lack of thermal stabilization causessponds to critical current well above 1000 A, which can be
sample quenching above a given current density in mostnly measured once the thermal stability issue is resolved by
using, for example, thinner filaments.

In conclusion, we prepared highly dense superconduct-

¢ NifMgB, after annealing i K . X K
10°L Tapes o NiMgB, after deformation ing MgB, tapes with large transpoiit. using Ni and Fe

N ,':Z’/mggz::‘:::mm sheaths. Annealing increased core density and sharpened the
< 10°L ’ superconducting transition thus raisifpg by more than a
5 % o Hotforged sample factor of ~10. Annealed MgB/Ni tapes yielded . values up
3“ 10l cb"ttb to 2.3x10° Alcm? at 4.2 K in a magnetic field of 1.5 T. The
2 j. values in MgB/Fe tapes were higher, up toL®\/cm? at
% 10°k 4.2 K and 6.5 T, the estimated self-field valuejpfat 4.2 K
S being close to 10 A/cm?. The high hardness and chemical
= L compatibility of Fe make it a suitable sheath material for

; fabricating long-length MgBtapes with a realistic potential

o 2 4 o s 10 12 4 for high-current applications.

uH (Tesla) The authors thank Pierre Toulemonde, Enrico Giannini,
_ _ _ and Eric Walker for useful discussions, XiaoDong Su for
FIG. 3. Field dependence of the transppstvalues atT=4.2 K in both

as-rolled and annealed MgBapes. For comparison, the transppricurve helplng in the PIT tapes preparation, and Robert Janiec for

of a dense hot forged bulk sample is sho(gee Ref. & his help with the transport measurements.
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