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A perform (28) is slip-cast or pressed from a metal com 
pound or a mixture of metal compounds, sintered in air, 
vacum, or inert gas, and is electrolytically reduced in a bath 
(20) of molten salt to form a porous metal or alloy product. 
The alloy is in the form of a solid, porous sponge. In the bath 
(20) the salt is in contact With a reservoir (26) of molten 
in?ltration material (24). After completion of the electrolytic 
reduction the porous product is moved into the in?ltration 
material Which ?lls the pores therein, displacing the salt. The 
in?ltrated product is then solidi?ed for further materials 
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Figure 8 and Figure 7 Schematic of the reinforced z‘n-situ in?ltration of porous Nb-based rod in the 
molten metal in the electrolytic cell; 

Figure @ before immersion of the Nb-based metal rod in the molten metal bathw 

Figure -7 reinforced in?ltration where CaCl2 is sucked away ?om the volume of the Nb-based rod 

through the sealed support tubing. (Additionally a ultrasonic device mechanically coupled with 
in?ltrated rod may also be used to accelerate the in?ltration process). 
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MATERIALS FABRICATION METHOD AND 
APPARATUS 

[0001] The present invention relates to a method and an 
apparatus for fabricating materials, and in particular for 
fabricating superconducting materials. 

TECHNICAL BACKGROUND 

[0002] There are strong commercial reasons driving the 
development of superconducting materials having high 
superconducting parameters, such as critical current density, 
Jo, critical temperature, To, and upper critical ?eld, HCZ. 
These materials ?nd applications in, for example, Nuclear 
Magnetic Resonance (NMR) and Nuclear Magnetic Imaging 
(NMI) magnets and also in cryogen-free magnets. 

[0003] The microstructional requirements for such mate 
rials are very demanding and many approaches and many 
alloys or compounds have been developed to address the 
problems of improving materials performance, including 
mechanical and electrical performance for example, and 
ease and cost of fabrication. 

[0004] An important superconductor material is Nb3Al 
Which forms an A15 superconducting phase and, by Way of 
illustration, methods for fabricating this material include the 
folloWing. 

[0005] The fabrication processes can be considered in 
three groups: loW-temperature, high temperature and trans 
formation processing. In each case, an A15 Nb3Al strand is 
processed by ?rst making the ?nal-siZe strand, With the 
constituents subdivided, and then heat-treating it to form the 
A15 phase. 

[0006] LoW Temperature Processing 

[0007] LoW temperature (<1000 C) processes ensure that 
the grain siZe of Nb3Al does not become too coarse because 
the Nb/Al constituents directly react With diffusion to sup 
press Nb3Al grain groWth. But, at loW temperatures, there is 
a deviation from A15 stoichiometry, thus affecting high-?eld 
properties, especial Jo. LoW temperature processes include 
the folloWing. 

[0008] Jelly-roll (JR)—Alternate foils of Nb and A1 are 
Wound onto a copper rod and inserted into holes drilled in a 
copper matrix before draWing to form the ?nal-siZe strand. 

[0009] Rod-in-tube, (RIT)—An alloy rod is inserted into a 
Nb tube and draWn doWn. A triple stacking operation gives 
the desired 100 nm core diameter to match that of the Al 
layer. 

[0010] Clad chip extrusion, (CCE)—A three-layered clad 
foil, of Al/Nb/Al, is cut into square chips, and then ?lled into 
a can in order to be extruded. 

[0011] PoWder metallurgy, (PM)—A mixture of hydride 
dehydride Nb poWder andAl poWder are put in a copper tube 
can so that they can be extruded and draWn into a mono?la 
ment Wire. A bundle of these Wires Will give an Al layer 
thickness of 10 mm. 

[0012] Despite differences in cross sectional area, JC ver 
sus magnetic ?eld curves are very similar for all of these 
processes. JR may have a slight advantage for producing 
long piece strands. 

Jan. 27, 2005 

[0013] High Temperature Processing 
[0014] At loW temperatures the Nb3Al phase Will not be 
completely stoichiometric. HoWever, at high temperatures 
(>1800 C), a diffusion reaction of Nb/Al composites With 
laser or electron-beam irradiation alloWs stoichiometric A15 
phase formation. Annealing at —700 C improves long range 
order, and so better To and HCZ. Unfortunately, high tem 
peratures Will cause very coarse grains in the conductor, 
thereby destroying loW ?eld properties. 

[0015] Transformation Processing 

[0016] This process, discovered in the last feW years, 
involves a combination of rapid quenching and annealing. 
The Nb/Al composite is quenched from 1900 C to form a 
bcc supersaturated solid solution of Nb(Al)ss and then 
transformation annealed beloW 1000 C. This process Will 
produce Nb3Al that is highly stoichiometric and has a ?ne 
grain structure, and therefore the JC Will be high at both loW 
and high ?elds. The most common method of transformation 
processing is knoWn as the rapid-heating, quenching and 
transformation method (RHQT), Which produces lengths of 
conductors a feW hundred metres long. 

SUMMARY OF THE INVENTION 

[0017] The invention provides a method and an apparatus 
for fabricating materials as de?ned in the appended inde 
pendent claims. Preferred or advantageous features of the 
invention are set out in dependent sub-claims. 

[0018] The invention uses a process for extracting metals 
and alloys from solid compounds by direct electrochemical 
reduction, or electrodecomposition, in molten salt, knoWn as 
the Fray-Farthing-Chen Cambridge process (FFC), as one of 
a series of steps to fabricate a material. The FFC process is 
described in the present applicant’s earlier International 
patent application PCT/GB99/01781 Which is incorporated 
herein by reference. The FFC process alloWs the treatment 
of a solid material, Which may be a compound betWeen a 
metal (or semi-metal) and a substance (such as an anionic 
species), or a solid solution of the substance in the metal, by 
electrodecomposition in a molten salt to remove the sub 
stance from the solid material. On completion of the process, 
the solid material has been converted to the metal. Alterna 
tively, if the solid material comprises more than one metal, 
being for example a mixture of metal compounds, or a 
mixture of a metal and a metal compound, or comprises a 
solid solution of metal compounds, then on completion of 
the process an alloy or intermetallic compound of the metals 
is formed. 

[0019] The product of the PFC process is typically porous 
and, in the method of the present invention, is then in?ltrated 
With an element, metal or alloy, typically as a liquid, to form 
a material Which can be used or further processed to fabri 
cate a product. 

[0020] In a preferred embodiment, the invention may be 
particularly ef?cacious for fabricating superconductors. For 
example, if the PFC process is performed on a preform 
comprising a mixture of poWdered Nb2O5 and TiO2, a 
porous sample of NbTi alloy is produced. This can then be 
in?ltrated With molten Al to form a material Which can be 
further processed, for example by deformation and heat 
treatment, to form a high-performance superconductor, 
advantageously at loWer cost than for conventional methods. 
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In an alternative embodiment, the FFC process is performed 
on a preform comprising a mixture of poWdered Nb and Sn 
oxides. A Nb3Sn superconductor can then be fabricated. 

[0021] Thus, the invention may advantageously provide a 
method having four steps as follows for fabricating Nb 
based superconductors: 

[0022] 1) electrochemical reduction of the Nb-based 
compounds, 

[0023] 2) in?ltration by Al-based alloys (or any other 
elements or alloys to form intermetallics or arti?cial 
pinning centres [APCs]), 

[0024] 3) deformation, and 
[0025] 4) reactive formation of an intermetallic layer 

folloWed by insulation processing. 

[0026] Of course, the method of the invention envisages 
any suitable starting material or materials and not only Nb 
and Al. In addition it should be noted that the invention 
relates particularly to steps 1 and 2 of the list above and that 
steps 3 and 4 may be replaced by any appropriate super 
conductor fabrication techniques. 

[0027] It should also be noted that the invention is not 
limited to the ?eld of superconductor fabrication but relates 
primarily to the technique of in?ltrating a porous material 
formed by the FFC process. The FFC process is very ?exible 
and can produce a Wide range of metals, semi-metals, alloys 
and intermetallic compounds, including materials Which are 
dif?cult to fabricate in other Ways. The additional novel step 
of in?ltrating a product of the FFC process, Which is 
typically porous, With a metal or other material may advan 
tageously alloW the fabrication of a Wide variety of novel 
and useful materials compositions and microstructures. 

[0028] The in?ltration step may be carried out ex-situ or, 
preferably, in-situ. The FFC process can produce a porous 
alloy or intermetallic immersed in a molten salt. In the 
in-situ process, the molten salt is contained in a bath Which 
also contains the molten material for in?ltration. The in?l 
tration material Will usually be denser than the salt, in Which 
case the salt Will ?oat on the in?ltration material. After the 
FFC process is completed, the porous sample can then move 
directly from the salt into the in?ltration material, Which can 
displace the molten salt and in?ltrate the porous sample. 

[0029] If the in?ltration material is less dense than the salt 
then it Will ?oat on the salt but as long as there is contact at 
an interface betWeen the tWo, the porous sample can move 
directly from the salt to the in?ltration material, advanta 
geously avoiding contact With any other substances. 

[0030] In an alternative implementation of in-situ in?ltra 
tion, the porous sample may be immersed in the in?ltration 
material by moving the interface betWeen the salt and the 
in?ltration medium rather than by moving the porous 
sample. For example, after completion of the FFC process 
the bath containing the salt may be ?ooded With in?ltration 
material to displace the salt, or Where the bath contains both 
salt and in?ltration material, the bath may be moved, rather 
than the porous sample. 

[0031] In ex-situ in?ltration the molten in?ltration mate 
rial is held in a separate bath from the molten salt and the 
porous sample moves from one bath to the other for in?l 
tration. If this is done in an oxidising atmosphere, disad 
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vantageous oxidation of the porous sample may occur. An 
inert atmosphere may be used to alleviate this problem but 
nevertheless contamination of the porous sample may be 
more likely than With the in-situ method. 

[0032] In an alternative implementation of the ex-situ 
method, folloWing completion of the FFC process the 
porous sample is WithdraWn from the molten salt and 
alloWed to cool, preferably in an inert atmosphere or in 
vacuum above the molten salt. As the sample is WithdraWn, 
much or all of the salt Within pores in the sample is retained 
and then solidi?es. The sample is then transferred to a pool 
of molten in?ltration material, Where it is immersed and the 
salt melts and is displaced by the in?ltration material to 
in?ltrate the sample. This implementation has the advantage 
that the solidi?ed salt in the pores of the sample during 
transfer to the immersion material helps to protect the 
sample surface from contamination or oxidation. 

[0033] In various embodiments of the invention, Where the 
in?ltration material Wets the FFC product better than the 
molten salt, it may advantageously substantially entirely 
displace the salt from the porous FFC product. In general, 
molten salts Wet metals relatively poorly and so, Where the 
FFC product is metallic and the in?ltration material is also 
metallic, the in?ltration material Will tend to Wet the FFC 
product more strongly than the molten salt. In other embodi 
ments of both the in-situ and ex-situ methods, provision may 
be made to enhance in?ltration and to ensure that the 
in?ltration material ?lls the pores in the porous sample, 
displacing the molten salt as much as possible. One method 
for this is to pump the molten salt out of the porous sample 
after or as it is immersed in the in?ltration material. Asecond 
method, Which may be combined With the ?rst, is to vibrate 
or agitate the porous sample or the in?ltration material, for 
example by using an ultrasonic transducer. 

SPECIFIC EMBODIMENTS AND BEST MODE 
OF THE INVENTION 

[0034] Speci?c embodiments of the invention Will noW be 
described by Way of example, With reference to the draW 
ings, in Which; 

[0035] FIG. 1 illustrates an electrolytic cell for carrying 
out the FFC process; 

[0036] FIG. 2 illustrates the in?ltration and subsequent 
steps in a ?rst method embodying the invention; 

[0037] FIG. 3 is a micrograph of a sample of porous Nb 
alloy folloWing the FFC process; 

[0038] FIG. 4 is a micrograph of a sample of Nb alloy 
folloWing in?ltration; 

[0039] FIG. 5 is a micrograph of a Nb—Al—Ge(X) Wire 
folloWing mechanical reduction and diffusion treatment; 

[0040] FIG. 6 is a plot of AC susceptibility against tem 
perature for Nb and NbTi rods embodying the invention; 

[0041] FIG. 7 is a plot of AC susceptibility against tem 
perature for reduced Nb2O5—SnO2 rods embodying the 
invention; 

[0042] FIG. 8 illustrates a cell for in-situ in?ltration 
according to an embodiment of the invention; and 
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[0043] FIG. 9 illustrates a second stage in the in-situ 
in?ltration method using the cell of FIG. 8; and 

[0044] FIG. 10 is an element distribution plot for an 
in?ltrated pellet of niobium oxide. 

[0045] The electrochemical reduction route of the PFC 
process may advantageously be a much easier, quicker and 
cheaper Way to extract many metals and alloys than estab 
lished metallurgical routes. A schematic of such a process is 
presented in FIG. 1. 

[0046] FIG. 1 shoWs an apparatus for making the binary 
alloy NbTi. It comprises a cell 2 containing molten CaCl2 4. 
A graphite anode 6 and a rod-shaped preform 8 of mixed 
NbZO5 and TiO2 are immersed in the salt. The preform is 
supported on and electronically connected to a Kanthal Wire 
10. The preform is made by mixing poWdered Nb2O5 and 
TiO in the desired proportion, slip casting and optionally 

2 

partially sintering the mixture. 

[0047] Other techniques may also be applied to the fab 
rication of the preform. For example a polymer binder may 
be added to improve the slip-casting process and the poly 
mer then burned off. Alternatively a prefabricated polymer 
matrix may be used to make the preform. In this case the 
polymer matrix is in?ltrated With metal oxide poWders and 
then the polymer is burned off. These techniques advanta 
geously form porous preforms, Which can be easily treated 
by electrodecomposition in the PFC process. 

[0048] In the PFC process, the preform of mixed NbZOS, 
TiO2 poWders is made the cathode in the molten CaCl2, 
Whose cation can form a more stable oxide, CaO, than 
NbZO5 and TiO2. The oxygen in the Nb2O5 and TiO2 mixture 
is thus ionised and dissolves in the salt, leaving Niobium 
Titanium alloy metal of the desired composition behind. The 
extraction of Nb, NbTi, and Nb3Sn metals and alloys from 
oxides using this process has been carried out on a labora 
tory scale, as has the extraction of many other metals and 
alloys from their compounds. 

[0049] After electrochemical reduction, the ?nal product 
of the PFC process in the embodiment is a porous, rod 
shaped, metallic sponge of NbTi alloy, as shoWn in FIG. 3. 
Rapid oxidation of the Nb-based porous rod normally takes 
place after its removal from the chloride bath and may have 
a detrimental effect on its surface quality and any subsequent 
processing. Therefore a different approach is proposed to 
provide better in?ltration conditions, using either in-situ or 
ex-situ in?ltration as described beloW. 

[0050] Porosity 
[0051] The degree of porosity of the ?nal percolative 
netWork of the Nb-based alloy sponge depends on the 
density of the oxide preform and on the initial preparation 
technique of the prefabricated oxide. For example, preforms 
Which are sintered shoW a signi?cant shrinkage (increased 
density) and greatly increased strength in comparison With 
those prepared by slip casting only. 
[0052] Materials Considerations in Superconductor Fab 
rication 

[0053] Because the metallic product of the electrochemi 
cal reduction (for NbTi or other materials) is soft and porous, 
Without structural defects or secondary phases, it can not be 
regarded as a high critical current density, Jo, superconduct 
ing material. 
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[0054] Such semi-?nished product has to be upgraded by 
introduction of, for example, Al or Sn alloys for the reactive 
diffusion formation of the intermetallic phase in the case of 
A15 intermetallic superconductors, and/or by introduction 
of Arti?cial Pinning Centres (APC) as in the case of NbTi. 

[0055] In?ltration of a porous sponge of an alloy such as 
Nb—Ti—X or Nb—Al—Ge-Z by Al or Al alloy material, 
Where X and Z represent additional metals, has its advan 
tages because for example NbTiTa ternary alloys have 
recently been explored as a high-?eld avenue for APC 
materials. The in?ltration route is adopted in order to obtain 
a relatively ductile material that can be mechanically 
deformed into a ?ne Wire, containing an interconnected 
netWork of superconducting ?laments of the order of 1 
micrometre in diameter. Additional advantages of the in?l 
tration process are due to the fact that the composition of the 
in?ltrant (Al—Ge or Al—Si alloys and eutectics) can be 
readily controlled. The Al—Ge system forms a loW melting 
point eutectic (424 C) at the composition of 70% Al-30% 
Ge. The inherent brittleness of the Al—Ge eutectic When 
solidi?ed requires particular attention to the temperature of 
the in?ltrating bath, the temperature difference betWeen the 
porous niobium or alloy rod and the bath, and the rate of 
in?ltration. The formability of the Al—Ge eutectic, 
entrapped and solidi?ed Within the pore volume of the rod, 
during form rolling or Wire draWing can be signi?cantly 
improved through the application of superplasticity prin 
ciples. Superplastic behaviour requires a ?ne duplex micro 
structure that is stable at the deformation temperature. 

[0056] The invention may thus advantageously provide 
neW techniques that alloW manufacture of complex compo 
sitional superconducting alloy rods by ex-situ and in-situ 
in?ltration processes. 

[0057] Ex-Situ In?ltration 

[0058] The ex-situ in?ltration process is conducted in 
vacuum or an inert gas container in such a manner that as 

many as possible of the pores in the sample are ?lled as 
completely as possible With molten metal or alloy. This 
maximises the volume fraction of superconductor realisable 
from a given amount of in?ltrated alloy. A schematic rep 
resentation of an embodiment of the process folloWing the 
fabrication of the PFC process alloy sponge is shoWn in 
FIG. 2, Which shoWs the steps of in?ltration 50, here in a 
Sn/Ga/Al in?ltrant bath 52, cladding 54, mechanical reduc 
tion 56 and diffusion processing 58 in a furnace 60. FIG. 2 
relates to (Nb, X)3(Sn, Al, Z) Wire processing, using porous 
(Nb,X) rod fabricated using the PFC process, for example. 

[0059] In the embodiment of FIG. 1 described above, a 
NbTi alloy Was formed by direct electrochemical reduction 
to form an alloy sponge, or rod-shaped sample. Its micro 
structure is shoWn in cross-section in FIG. 3. For in?ltration, 
the Nb-based alloy rod is immersed in a bath of molten Sn 
or Al-based alloy maintained at a temperature above melt 
ing. LoWer temperatures are preferred in order to prevent the 
extensive, very often rapid, formation of brittle intermediate 
phases Which could impair the ductility of the composite 
in?ltrated material. The microstructure of the in?ltrated 
alloy sponge is shoWn in FIG. 4. 

[0060] Taking into account that the ?nal products of 
reducing Nb-oxide-based oxide mixtures in the PFC process 
typically have pore siZes in the range of 2-20 pm, special 
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care should be taken to ensure that the Nb-based sponge 
surface is as clean and pure as possible to enable complete 
in?ltration of the porous rod, ef?cient Wetting by the in?l 
trating metal or alloy such as Sn, Al etc. and ?nally mini 
misation of superconductor ?lament damage caused by the 
formation of hard Nb2O5 (or even of more complex insu 
lating compounds) on the sponge surface during removal of 
the metallic Nb-based rod from the chloride bath. In some 
circumstances the oxygen content in the Nb can reach 2%-3 
at. %, Which is about the solubility limit at the extrusion 
temperature used later in processing. Oxygen adsorbed at 
the surface of the particles in the sponge may also diffuse 
into the Nb, increasing its microhardness to 3500 MNm_2. 
The plastic deformation of the composite may then not be 
uniform because of severe solution hardening of the Nb, 
mainly due to interstitial oxygen. A successful co-deforma 
tion of Nb and Sn particles requires sufficient reduction of 
the oxygen content in the Nb. If the oxygen content in the 
Nb is reduced to 0.1 at % the microhardness of the Nb matrix 
drops to ~1200 MNm_2, Which is about the value of the 
surrounding Cu matrix in Which the Nb material is typically 
subsequently encased and Which is used for cryostability. 

[0061] Three alternative puri?cation methods have been 
tested as folloWs: (1) because the oxygen solubility in Nb 
decreases With temperature, part of the oxygen can be 
precipitated in the form of oxides during an annealing 
treatment at 600-700 C. This treatment has indeed proved to 
be bene?cial but the deformability of the Nb particles may 
still be insuf?cient; (2) a reduction treatment of the porous 
Nb-based composite in an H2 or CH4 atmosphere may 
improve the deformability of the Nb; (3) an additional 
component Q can be added to the Nb2O5-Q poWder mixture, 
Which has a larger binding enthalpy for oxygen than Nb does 
(390 kJ/g-atom O: interstitial solution). A variety of addi 
tives Q can be used as the skilled person Would appreciate. 

[0062] In summary therefore, ex-situ in?ltration can be 
used to fabricate superconductors but care needs to be taken 
to avoid deleterious oxide formation, Which may require 
additional processing steps and add to the complexity of the 
method. 

[0063] A variant of ex-situ in?ltration aims to address 
these concerns. In this embodiment, after completion of the 
PFC process the porous metal or alloy sponge is WithdraWn 
from the molten salt using a control and positioning system 
until it is held in an inert atmosphere or in vacuo above or 
near the salt bath. If Wetting of the metal by the salt is 
sufficient, the pores in the sponge remain ?lled With molten 
salt, and the sponge can be cooled to solidify the salt. The 
sponge surface is thus protected against contamination or 
oxidation by the presence of the solid salt and can be 
transferred to an in?ltration bath Without damage. On 
immersion in the in?ltration bath, the salt melts and is 
displaced by the immersion material. 

[0064] Molten salt can also be more effectively retained in 
the porous metal by loWering the temperature of the salt 
bath, prior to removal of the metal, to close to the melting 
point of the salt. 

[0065] 
[0066] FIGS. 8 and 9 illustrate the technique of in-situ 
in?ltration. A cell 20 contains molten salt 22 ?oating above 
a molten metal alloy 24 held in an extended loWer portion 26 

In-Situ In?ltration 
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of the cell. As in the embodiment previously discussed for 
fabricating a NbTi based superconductor to carry out the 
PFC process, a Nb2O1/TiO2 preform 28 and a graphite anode 
30 are immersed in the molten salt, Which is CaCl2. The 
preform is supported on a tubular Kanthal support 32. 

[0067] FolloWing use of the PFC process to reduce the 
preform to a porous alloy sample or rod, Which in this 
embodiment is a Nb-based alloy rod, in-situ in?ltration of 
the porous rod is carried out by loWering it from the molten 
salt directly into the molten metal (in the embodiment, 
molten Al) beneath, as shoWn in FIG. 9. The rod is loWered 
by a control and positioning system coupled to the Kanthal 
support. This in-situ process is advantageous because there 
is no direct contact of the Nb With oxygen before in?ltration, 
and so the metal surface on in?ltration is oxide free. During 
in?ltration molten CaCl2 is displaced from the sample, or 
sponge, by the molten metal. With these materials, effective 
in?ltration may be expected due to the better Wetting of the 
Nb by the Al than by the CaCl2. 

[0068] In further embodiments, various methods may be 
used to encourage the full metal in?ltration of the porous 
Nb-based rod. One of these is to pump out or suck out the 
molten CaCl2 from the rod. This can be achieved by pump 
ing the salt through the tubular Kanthal support shoWn in 
FIGS. 8 and 9. In the case of the holloW support and rod, 
sucking Will be very effective and any excess of the molten 
metal Within the core of the sample or in the Kanthal support 
can be easily removed after in?ltration and replaced With 
internal cryogenically stabilising composite such as Cu With 
a protective Ta diffusion barrier. In a second method an 
ultrasonic device mechanically coupled to the rod or its 
support, or to the bath of in?ltration material, may also be 
used to accelerate the in?ltration process. 

[0069] In-situ in?ltration of the Nb-based porous rod 
should advantageously minimise many of the negative 
effects related to the ex-situ process mentioned above, and 
in particular the risk of surface contamination of the sample 
before in?ltration. 

[0070] Post-In?ltration Processing 

[0071] After the in?ltration process, rods Would be 
machined to the desired shape and inserted in subsequent 
tubes 62 to serve as a diffusion barrier and for electrical and 

thermal stabilisation. This is the cladding step 54 of FIG. 2. 
Although an elevated temperature during the in?ltration 
stage may produce some A15 phase, it may be desired to 
subject the in?ltrated rod or tape to a substantial reduction 
in thickness by cold rolling 56 prior to the ?nal diffusion 
formation 58 of the intermetallic A15 layers in the conduc 
tor. 

[0072] Microstructure Control 

[0073] An important aspect of superconductor fabrication 
is microstructure control. Use of the PFC process as a step 
in fabrication enables an element of control through control 
of the particle siZe of the poWder used to make the preform, 
densi?cation of the preform through sintering, and the 
temperature and other electrolysis parameters at Which the 
electrodecomposition is performed. 
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[0074] Advantages of the Method for Superconductor 
Fabrication 

[0075] Using the PFC process for reducing solid oxides to 
metals and alloys of pre-de?ned alloy composition and 
in?ltrating these materials in our opinion opens neW oppor 
tunities for the manufacture of the highest quality loW 
temperature superconductors, not only the most saleable 
ones but also those best intermetallic ones Which are dif?cult 
to manufacture eg A15 intermetallic conductors such as 

(Nb,X)3(Sn,Z) and Nb3(Al,Ge) characterised by the highest 
Jo, BCZ, Tc values may be produced for a fraction of the cost 
of the currently available superconductors. Examples of the 
measured performance of various superconductors embody 
ing the invention are shoWn in FIGS. 6 and 7. The ex-situ 
and in-situ in?ltration processes can be applied to the 
niobium-titanium, niobium-tin and niobium-aluminium sys 
tems as described but in general these techniques can be 
used to in?ltrate any metals or materials manufactured by 
the PFC process, Whether for superconducting applications 
or other purposes. 

[0076] Additional Example of In?ltration for Materials 
Fabrication 

[0077] The folloWing speci?c example describes the alu 
minium in?ltration of a porous, partially metallised, Nb 
pellet produced by the PFC process. 

[0078] Preparation of the Cell for In-Situ In?ltration 

[0079] About 100 g of aluminium shot Was put into a 
cylindrical crucible made, in different tests, from either 
alumina or graphite (internal diameter and height Were 50 
mm and 90 mm respectively). The crucible Was then ?lled 
to the rim With dry poWders of CaCl2 and NaCl in the 
eutectic ratio, and placed in an Inconel tube reactor that Was 
sealed, ?ushed With argon and heated in a furnace to 950° C. 
It Was observed that both aluminium and the salt mixture had 
melted before the temperature reached 800° C., With the salt 
?oating on top of the molten aluminium. Thus, the cell 
comprised a layer of a molten eutectic mixture of CaCl2 and 
NaCl ?oating on a layer of molten A1. 

[0080] Preparation of the Nb Pellet 

[0081] A cathode preform of Nb2O5 Was prepared by 
pressing oxide poWder into a small cylindrical pellet (10 mm 
diameter, 10 mm height, approximately 1.5 g mass) Which 
Was then sintered at 1000° C. for 2 hours. After sintering the 
preform gained a reasonable strength and had a porosity of 
about 40-50%, depending on parameters including starting 
material parameters and pressing pressure. A hole (1.5 mm 
diameter) Was drilled through the sintered pellet Which Was 
then threaded onto Kanthal Wire. This assembled cathode 
Was placed in the molten eutectic mixture of CaCl2 and NaCl 
at 950° C. FFC electrodecomposition Was carried out With a 
graphite rod anode at 3.1V under argon for a relatively short 
time (betWeen 1 and 10 hours) so that only the surface region 
of the pellet Was reduced to metal While the central part 
remained in the oxide phase, ie the oxide pellet Was 
partially metallised. 

[0082] 
[0083] After termination of the electrodecomposition, the 
temperature of the furnace Was loWered to 690° C. The 
cathode Was then immediately loWered into the molten 
aluminium underneath the molten salt. After a very brief 
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in?ltration/reaction time (a feW seconds), the cathode Was 
removed from the crucible, cooled ?rst in the upper region 
of the Inconel reactor, and then removed from the reactor 
and further cooled in air. It Was seen that the pellet Was 
completely covered in aluminium. 

[0084] The pellet Was broken into tWo halves, and the 
cross section examined by SEM (scanning electron micros 
copy) and EDX (energy-dispersive x-ray analysis). It Was 
observed that the pellet contained tWo different phases. The 
outer layer of the pellet Was about 400 micrometres in 
thickness and relatively dense, but the central part Was 
porous. EDX analysis revealed that, as shoWn in FIG. 10, 
the outer layer Was composed mainly of niobium and 
aluminium With about 20 at % oxygen, but the central part 
Was of niobium and calcium With 58 at % oxygen (Nb2O5 
contains 71 at % oxygen). The calcium content Was also 
much loWer in the outer layer than in the central part. These 
results indicate that aluminium had in?ltrated into the outer 
layer of the pellet, Which had been metallised by electrode 
composition. 

1. A method for fabricating a material comprising the 
steps of; forming a solid, porous sample of a metal or 
semi-metal or an alloy or intermetallic compound thereof by 
electrodecomposition in a molten salt; and in?ltrating the 
porous sample With a further material. 

2. The method according to claim 1, in Which a preform 
for the electrodecomposition is formed from one or more 
solid metal or semi-metal compounds or solid solutions, or 
a mixture or one of these With one or more metals. 

3. The method according to claim 1, in Which the in?l 
tration step ?lls pores in the porous sample to fabricate a 
substantially solid material. 

4. The method according to claim 1, in Which the in?l 
tration material is a liquid and the in?ltration step includes 
removing the sample from the molten salt and immersing it 
in the in?ltration liquid. 

5. The method according to claim 4, in Which the sample 
is cooled on removal from the molten salt, retaining solidi 
?ed salt Within pores in the sample. 

6. The method according to claim 1, in Which the in?l 
tration material is a liquid and the in?ltration step includes 
transferring the sample directly from the molten salt to the 
in?ltration liquid. 

7. The method according to claim 6, in Which the in?l 
tration liquid is held in contact With the molten salt. 

8. The method according to claim 1, comprising the step 
of, during in?ltration, removing molten salt contained in 
pores in the sample after electrolysis, for example by pump 
ing or sucking, to assist in?ltration by the in?ltration mate 
rial. 

9. The method according to claim 1, comprising the step 
of vibrating the sample to assist in?ltration. 

10. The method according to claim 1, in Which the 
fabricated material is, or can be further processed to form, a 
superconductor. 

11. An apparatus for carrying out a method for fabricating 
a material, Wherein said method comprises the steps of; 
forming a solid, porous sample of a metal or semi-metal or 
an alloy or intermetallic compound thereof by electro 
decomposition in a molten salt; and in?ltrating the porous 
sample With a further material. 

12. A material fabricated using a method comprising the 
steps of; forming a solid, porous sample of a metal or an 
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alloy or intermetallic compound thereof by electro-decom 
position in a molten salt, and in?ltrating the porous sample 
With a further material. 

13. The material according to claim 12, comprising an 
alloy of Nb, Sn and/or Ti. 

14. An apparatus for fabricating a material comprising; a 
cell in Which a molten salt for forming a solid, porous 
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sample of metal, alloy or intermetallic compound by elec 
trodecomposition contacts a liquid material for in?ltrating 
the porous sample; and a transfer mechanism for transferring 
the porous sample from the salt to the liquid material after 
the electrodecomposition. 

* * * * * 


