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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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A POWDER APPROACH FOR MULTIFILAMENTARY NIOBIUM-TIN .
. SUPERCONDUCTING WIRE - S

- K. Hemachalam andbM. R. Pickus

Inorganic Méterials Research Division, Lawrence Berkeley Laboratory,
University of California, Berkeley, California 94720 '

'ABSTRACT
‘“Based(nipowdermetailurgy techniqhes,,a process to fabricate Nb3Sn
multifilémentary'supertonducting wire is described;' The cﬁrrent'carrying

: 2 " ‘ '
> A/cm” at a steady transverse

2

" capacity of the'wire'was above 2x10

magnetic field of 50 kG and about 1x10° A/cm® at 100 kG.
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A direét péwder rolling technique has bgeﬁ applied succeséfully to
produce a praptical superconductin'g‘tapel containing an array of NbBSn
filaments in a ductile niobium matrix. The supercondupting properties of
the tape optimized by moréhdlogical control, were réported in a recent
publicatién.z' Because of'the flat roiling employed in the tape-process,
the final fiiéménts had a rectanguiar cTross sectioh'typically 36 UmXS Hm.
From the adiébatic étability criterion3 for a mulfifilamentary super—.
.conductor with heat capacity s and critical current &ensity Jc’ the filament
size x is restricted by

‘x2 < (109ﬂsT /16 J2
[o] C

where

 To = J_ /(=43 /dT)

This relationship yields a value of filament size of the order of lO‘um
or less for most high field applications. Consequently, modifications
have been made to adapt the main features of the tape-process for making
the superconductor in wire form. A wire form pfovideé an additional
advan;age besides stability. Suitably clad the singlevwire can be used
as a basic element of a flexible multicored conductor or a multistrand.
cable to carry large currents.

Niobium powder of 99.92% purity having a parti;le size range of
44-53 microns was packed in rubber moulds and isdstatically compacted
at 207 nt/mm2 (30,000 psi) into rods. These rods were ﬁhen sintered in
a vacuum for 12 min at 2300°C. The resulting system of interconnected
pores was filied with tin by immersing the furnace.éooled rods for ﬁalf

a minute in a 750°C tin Bath. A cross section of a rod as infiltrated
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is shown:io Figure 1. A similar pore structure wasbaiso achieved less
conveniently, However, by pressureless sintering.

To prevent loss of tin and to provide support during deformation, -
the,infiltrated rods were ensheaﬁhed in a copper or monel fube with an

intefmediate'cladding of either niobium or tantalum which served as a

diffusion barrier. Assemblies were reduced to wire using one or a -

combination of the following deformation processes: swaging, form rolling

and wire draﬁing. A metallographic study of wire sections has indicated

that whereas swaging results in the least favorable filament morphology,

wire drawing produces the best. The wire, whose properties are reported

’

later in the paper, was clad with tantalum and'moﬁél,iform‘rolled and

then wire drawn to two final sizes: 0.85 mm O0.D. with 0.4 ﬁm core

diametér, and 0.6 mm 0.D. with 0.3 mm core diameter.
To form the superconducting filaments of'Nb3sn, 60 cm long sections
of the cold arawn wires were heated for 2 min at 950°C in an inert

atmosphere. Figure 2 shows a longitudinal section of a thermally-treated

0.6 mm 0.D. wire.’ Although, all the pores in the sintered niobium ﬁere

fflled with tin, as may be seen in'Fig. 1, some suBmicfonvporos in the

Sb3Sn filaments;were observed under high magnificafions. These po;os

which are'oifficult to see in Fig. 2 are to be expéoted as‘a result:of

the volume difference.bétween the Nb3Sn phase and the reacting component.
’Eachvwire wos heiicélly mounted on a 3.8 cm dia’bobbin and tested

for current carrying cépacity in steady transverse magnetic fields

of up to 100 kG.. The length of wire between &oltage taps was 50 cm.

The current caroying behavior of the wires as a function'of_fiéld is

shown in Figure 3. The current density (corresponding to a resistivity
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of the order of 10 12 ohm-cm) was computed on the basis of the central

Nb and Nb,Sn core. The overall current density can be increased further

3
by optimizingvtﬁe relative amounts of various claddings. The superiér
current density in the 0.6 mm 0.D. wire (curve B) wasvprobably due to a
near complete réaction of tin with niobium. Metallographic observations
of the_wires after the 2 min heat treatment indicated-little residual
tin in the smaller wire, while some free tin was ﬁoticed in thé_larger
specimen. The‘higﬁ values of current carrying capaéiﬁy exhibited by
these wires are attributed to a fine grain size ind@ééd by the
dislocation neﬁworks presént in the severely cold worked niobium.. The
critical temﬁeréture meésured.on a tape samplé2 pfodﬁced earlier was
18.1°K for a similar heat treatment. |

Furthef wo;k is planned to fabricate multicored composites and
cables'withvthé addition of stabilizing copper. Magnétization
characteristics and mechanical properties of the cdndﬁctors will be
presented in a future reﬁort.

This work was supportéd by the U. S. Energy Résearch and Development
Administratibn through the Inofganic Materials Research Division of the
Lawrence Bérkéiey Laboratory. The auéhors wish to thank Dr. William Gilbert.
apd Dr. Warren Chupp of the High Energy Physics Department of the

Laboratory for their help in the current measurements.
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FIGURE CAPTIONS

1.

2.

Porous niobium rod as infiltrated with tin (white -areas are tin).

Longitudinal section of wire after 2 min heat treatmént (dark filaments
are Nb3Sn).
Steady field dependence of current carrying capacity. Curve A is

for 0.85]mm'O.D. wire and curve B for 0.6 mm 0.D. wire.
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