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(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, Lon-
don, a British Authority, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement:— 

The invention relates to superconducting 
members and methods of manufacture 
thereof. 

By superconducting member is meant a 
member which will exhibit superconductivity 
when its temperature is lowered below its 
critical temperature. Materials of particular 
interest in this field are those which have 
comparatively high critical temperatures and 
comparatively high critical magnetic fields. 
Such materials are compounds of A15 crystal 
structure having the general formula ASB 
where A comprises niobium or vanadium and 
B comprises one or more of the elements 
aluminium, gallium, indium, silicon, ger-
manium and tin. 

Patent Specification No. 1,333,554 des-
cribes a method of manufacturing such a 
superconducting member which permits for-
mation of the desired final size and shape of 
superconducting member by a simple mech-
anical forming operation applied simultane-
ously to all the components which go into the 
manufacture. In particular, the invention as 
described and claimed in Patent Specification 
No. 1,333,554 provides a method of manu-
facturing a superconducting member wherein 
there is formed an alloy essentially consisting 
of a carrier material and at least one element 
from the group consisting of aluminium, gal-
lium, indium, silicon, germanium and tin, 
and the alloy is contacted with a base material 
essentially consisting of niobium or vanadium 
and heat treated to cause a solid state reaction 
between the niobium or vanadium and the 
element or elements from the said group to 

[Price 33p] 

form a superconducting compound therewith, 
the carrier material being such as will not 
react substantially with the base material 
under the heat treatment and the heat treat-
ment temperature being controlled for avoid-
ing melting of the alloy at any stage during 
the reaction. 

The present invention is concerned with 
the stabilisation of superconducting members 
manufactured by this method. 

By stabilisation is meant the prevention 
or amelioration of the undesirable effects of 
sudden movement of magnetic flux, known 
as 'flux jumps', within the superconducting 
member. The invention relates to the com-
bination in the same superconducting member 
of two methods of stabilisation known respec-
tively as 'filamentary stabilisation' in which 
the superconducting material is present in the 
form of many fine filaments in a normally-
conducting matrix, and 'dynamic stabilisation' 
in which a proportion of the normally-con-
ducting matrix is in the form of a material 
of high electrical conductivity such as pure 
copper. 

The method described in Patent Specifica-
tion No. 1,333,554 and referred to above, is 
particularly suitable for producing many fine 
filaments of superconductors in a matrix of 
normal material. However, the normal mat-
erial thus formed is an alloy and not a pure 
metal. In general it is not practicable to so 
adjust the starting compositions and the reac-
tion conditions that the alloy matrix will have 
the required level of electrical conductivity 
for dynamic stabilisation (resistivity about 
10~8 ohm cm). 

With ductile filamentary superconductors, 
e.g. niobium-titanium allays, it is possible to 
fabricate the superconductors embedded in a 
pure copper matrix since no significant inter-
diffusion occurs at the heat treatment temp-
eratures necessary to get optimum critical 
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currents (300-400°C). However, with A15 
superconductors produced by the above des-
cribed method, the B element from the com-
posite material will diffuse rapidly into the 

5 copper. This has the disadvantages of slowing 
the formation of A3B and of producing Kirk-
endall porosity in the composite material, but 
its most deleterious effect is to raise the re-
sistance of the copper to an unacceptably high 

10 value for D.C. stabilisation. 
One method of avoiding this diffusion prob-

lem would be to apply the pure metal (e.g. 
copper) to the composite material after the 
A,B reaction (i.e. after the heat treatment 

15 which causes solid state reaction between the 
metal A and the element(s) B from the car-
rier material) by some process which can 
occur at room or low temperatures, e.g. by 
electro deposition. However, electro deposits 

20 are known to have high resistivities which are 
not removed on low temperature annealing. 
There are also many potential applications of 
multifilament superconductors where die 
wires are required to be bent more sharply 

25 than is possible with reacted material. In these 
. cases it would be possible to react the com-

posite after the coil has been wound if the 
copper, or other pure metal, can be protected 
from diffusion of impurities. 

30 The present invention provides a method 
of manufacturing a superconducting member 
wherein there is formed a combination of a 
carrier material (as herein defined) and at 
least one element which when contacted with 

35 a base material and heat-treated will react 
with the base material to form a super-
conducting compound; the said combination 
in contact with the base material and together 
with a metal, which is eventually to provide 

40 stabilisation, are formed into a composite 
unitary structure a barrier material (as herein 
defined) being present and positioned in the 
said composite unitary structure to protect the 
said metal from diffusion thereinto of any of 

45 the other components; and the said 
composite unitary structure is heat 
treated to cause a solid state re-
action between the base material and the 
element or elements to form a superconduct-

50 ing compound therewith, the heat treatment 
temperature being controlled for avoiding 
melting of the said combination in contact 
with the base material at any stage during the 
reaction. 

55 According to a further aspect of the present 
invention there is provided a method of manu-
facturing a superconducting member wherein; 
a superconductor of A15 crystal structure 
having the general formula A3B (where A is 

60 a substrate metal and B is one or more ele-
ments which can be alloyed with the substrate 
metal A will form the said superconductor), is 
formed by fabricating a composite unitary 
structure of the metal A in contact with a 

65 carrier material (as herein defined) containing 

one or more of the elements B together with 
a stabilising metal eventually for stabilising 
the superconductor when in use, and a barrier 
material (as herein defined) disposed between, 
and in contact with, the stabilising metal and 70 
the carrier material; and heat treating the 
composite unitary structure to cause a solid 
state reaction between the element or elements 
B and the metal A to form a superconducting 
compound therewith; the barrier material 75 
being selected to protect the stabilising metal 
from diffusion thereinto of any of the other 
components during the said heat treatment; 
and the heat treatment temperature being 
controlled for avoiding melting of the carrier 80 
material containing the element or elements 
B in contact with the metal A at any stage 
during the reaction. 

According to a further aspect of the present 
invention there is provided a method of 85 
manufacturing a superconducting member 
wherein there is formed a combination of a 
carrier material (as herein defined) and at 
least one element from the group consisting of 
aluminium, gallium, indium, silicon, ger- 90 
manium, gold, platinum, antimony, rhodium, 
zirconium, palladium, osmium, ruthenium, 
cobalt, thallium, lead, arsenic, bismuth, 
iridium and tin; the said combination is con-
tacted with a base material essentially con- 95 
sisting of niobium; the said combination and 
the base material together with a metal, which 
is eventually to provide stabilisation, are 
formed into a composite unitary structure, a 
barrier material (as herein defined) being 100 
present and positioned in the said composite 
unitary structure to protect the said metal 
from diffusion thereinto of any of the other 
components; and the said composite unitary 
structure is heat treated to cause a solid state 105 
reaction between the niobium and the ele-
ment or elements from the said group to form 
a superconducting compound therewith, the 
heat treatment temperature being controlled 
for avoiding melting of die said combination 
in contact with the niobium at any stage dur-
ing the reaction. 

According to a further aspect of the present 
invention there is provided a method of manu-
facturing a superconducting member wherein 115 
there is formed a combination of a carrier 
material (as herein defined) and at least one 
element from the group consisting of alu-
minium, gallium, indium, silicon, germanium, 
antimony, arsenic, beryllium and tin; the said 120 
combination is contacted with a base material 
essentially consisting of vanadium; the said 
combination and the base material together 
with a metal, which is eventually to provide 
stabilisation, are formed into a composite 125 
unitary structure, a barrier material (as herein 
defined) being present and positioned in the 
said composite unitary structure to protect 
the said metal from diffusion thereinto of any 
of the other components; and the said com- 130 



10 
1,394,724 

10 

posite unitary structure is heat treated to cause 
a solid state reaction between the vanadium 
and the element or elements from the said 
group to form a superconducting compound 

5 therewith, the heat treatment temperature 
being controlled for avoiding melting of the 
said combination in contact with the vanadium 
at any stage during the reaction. 

The carrier material will in general essenti-
10 ally consist of an element from the group con-

sisting of copper, silver and gold, but requires 
selection to meet the following functional re-
quirements, which define the carrier 
material:— 

15 (1) it should not react substantially with the 
base material under the heat treatment; 

(2) considered together with the chosen ele-
ment or elements of the aforesaid group 
and the concentration of the element 

20 or elements in the carrier material, there 
should be no unwanted compound which 
is formed under the range of temperature 
and element concentrations occurring 
during the reaction treatment. 

25 By "unwanted compound" is meant any 
compound which interferes significantly with 
the formation of the superconducting material 
or the superconducting properties of the pro-
duct matrix. 

30 it is to be understood that references to 
the combination of a carrier material and at 
least one element from the said group are in-
tended to include the use of carrier materials 
and/or the element or elements (which ulti-

35 mately are reacted in the solid state with the 
base material to form a superconducting com-
pound) with, or without, one or more other 
alloying elements in minor quantities, or 
acceptable impurities, or additives, or diluents 

40 being present therein. Such other alloying ele-
ments, impurities, additives or diluents essen-
tially must not unacceptably affect the reaction 
between the base material and the said element 
which ultimately reacts with the base material 

45 to form the superconducting compound, and 
must not produce unacceptable deleterious 
effects on the superconducting properties of 
the superconducting compound formed. 

Similarly, references to the base material 
50 include the use of such materials, with or with-

out acceptable impurities or additives or 
diluents which do not unacceptably affect the 
reaction between the base material and the 
element which ultimately reacts with the base 

55 material to form the superconducting com-
pound. 

Preferably the said combination of carrier 
material and element or elements comprises 
a solid solution of the element or elements 

60 in the carrier material. 
Two or more of the elements which are 

ultimately reacted with the base material to 
form a superconducting compound may exist 
together in solid solution in the carrier mat-

65 erial. For example, Pt and Au may be present 

in the carrier material so that when reacted 
with nobium (base material) it forms the 
compound Nb3(Pt„3Au0.7). Similarly, the 
following superconducting compounds could 
be formed with niobium as the base material 70 
by providing the appropriate elements in the 
carrier material of the combination, namely, 
Nb3(Al0.8Ge0.2) and Nb»(Al,.9Sb0.i). 

As mentioned in Patent Specification No. 
1,333,554 it is envisaged that additives may 75 
be desirable in certain circumstances. For 
example, up to 25 per cent by weight of 
tantalum may be included in niobium and 
improve significandy the mechanical prop-
erties of the niobium without seriously affect- 80 
ing the superconducting properties of the 
compound formed by the aforesaid method. 

The barrier material is defined in general 
terms as any material substantially meeting the 
following requirements:— 85 
(1) The barrier material should be imper-

meable to the B element. It should also 
be impermeable to any other additions to 
the combination of carrier material and B 
element or elements, and also to the 90 
carrier material itself if this is different 
from the pure element used for stabilisa-
tion. The B element, and other elements 
involved, should preferably be insoluble 
in the barrier material. However, the 95 
requirement is satisfied if the elements 
show negligible solubility during the 
fabrication heat treatments, i.e. if it is 
impermeable during any hot working, 
intermediate anneals to recrystallise the 100 
composite material, during the reaction 
anneal to convert A to ASB during any 
subsequent annealing (e.g. to heal crack-
ing in the A3B layer), or in any other 
fabrication process. 105 

(2) The barrier material should be insoluble 
in the metal (which, in general, will be 
pure metal) used for stabilisation, for if 
any appreciable amount dissolved during 
the fabrication treatments it would raise 110 
the resistivity of the pure metal. 

(3) The barrier material should have simi-
lar mechanical properties to the combina-
tion of carrier material and B element 
or elements and the pure metal used for 115 
stabilisation so that the multifilament 
composite can be fabricated. Problems in 
fabrication arise when one component is 
very much harder or softer than the 
others. A very hard component will 120 
hardly be deformed and may prevent 
any A filaments enclosed by it being 
deformed. A very soft component may 
neck down leading to a tensile fracture. 
Some of tiiese problems can be minimised 125 
by careful design of the composite. The 
main necessity is of course to avoid any 
break in the barrier layer during fabrica-
tion. Several refractory metals, e.g. W 
or Mo, which would otherwise be emin- 130 
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ently suitable as barrier materials, are 
brittle at room temperature. Very pure 
molybdenum can be fabricated and it is 
possible that this could be employed as 

5 a barrier material if it becomes available 
on a suitable commercial scale. 

(4) The barrier material should not form 
extensive compound layers with the pure 
metal or with the carrier material or com-

10 ponents combined therewith. Ideally one 
would want no compounds at either inter-
face of the barrier layer as they are likely 
to be britde and cracks in these com-
pounds will hinder the flow of heat through 

15 the barrier. In practice a barrier material 
satisfying this and all the other require-
ments for the barrier layer is unlikely 
to be found. If however the compound 
layer is thin then, for example, on a cylin-

20 drical shaped barrier the cracks are likely 
to be radial and the heat flow should not 
be greatly impeded. With thicker layers 
this radial pattern will be less pronounced 
and the flow of heat more affected. Thus 

25 the reaction rates of the barrier must be 
much slower than that of A to form A3B. 
Another reason for requiring this is that 
if the reaction rate were faster the com-
bination of carrier material and B ele-
ment or elements might be depleted in 
B before much A3B had formed. 

(5) With the exception of one possible con-
figuration, discussed below, any com-
pound formed at the barrier interface 

35 should not be a high field superconductor, 
for the filament, or filaments, of A3B 
would then be completely surrounded by 
a hollow cylinder of a high field super-
conductor. Until the critical field of this 

40 compound is exceeded the enclosed fila-
ments will be shielded by this cylinder 
and the effective diameter of the fila-
ments will be that of the cylinder. For 
equipment constructed from such a com-
posite superconductor, and operating 
above the critical field of the barrier 
layer compound (when the enclosed fila-
ments should behave independently), 

Sft there may be instabilities when running 
the field up below this critical value. 

In a preferred method according to the in-
vention the barrier material comprises 
tantalum. 

In an alternative method according to the 
55 invention, the barrier material comprises the 

same material as the base material, namely 
niobium or vanadium as the case may be. In 
one example of matrix configuration, one or 
more filaments of niobium or vanadium are 

60 embedded in cylinders of the combination of 
carrier material and B element or elements, 
which is encompassed by the barrier material 
which, in turn, is embedded or otherwise in 
contact with the material used for stabilisation. 

65 As discussed above, with such a configuration 

after forming and reaction, the superconduct-
ing filaments will be encompassed by a hollow 
cylindrical high field superconductor, formed 
by reaction of the B metal in the carrier mat-
erial with the niobium or vanadium barrier 70 
layer. This may be acceptable but an improved 
configuration may be achieved by replacing 
filaments of niobium or vanadium with fine 
tubes of niobium or vanadium embedded in 
the metal used for stabilisation and having 75 
a core of the combination' of carrier material 
and B element or elements within each tube. 

The invention includes a superconductor 
material when made by any of die aforesaid 
methods. 80 

Specific methods of manufacture and con-
structions of superconducting material em-
bodying the invention will now be described 
by way of example and with reference to the 
drawings accompanying the Provisional Speci- 85 
fication, in which:— 

Figures 1 to 4 and 6 to 8 are diagrammatic 
transverse sectional views of various matrix 
configurations; 

Figure 5 being a section on the line 5—5 90 
of Figure 4; and 

Figures 9 and 11 are diagrammatic trans-
verse sectional views of farther matrix con-
figurations, where the barrier layer is com-
prised by the A metal itself; 95 

Figures 10 and 12 being sections on the 
lines 10—10 and 12—12 of Figures 9 and 
11 respectively. 

In one example described in British Patent 
Specification No. 1,333,554, a billet of 100 
copper-tin bronze is drilled with a plurality 
of holes into which are inserted rods of nio-
bium. The billet is then drawn or extruded 
to form an extended wire comprising a copper-
tin matrix carrying a plurality of niobium 105 
filaments. The wire is heat treated under 
controlled conditions, in particular, such that 
the bronze in contact with the niobium does 
not melt, but such that solid state reaction 
takes place between the tin and the niobium to HO 
form Nb3Sn filaments within the tin-depleted 
bronze matrix. 

This general form of manufacturing proce-
dure is followed in the examples of the present 
invention, except that pure metal for stabilisa- 115 
tion is mechanically processed together with 
the combination of carrier material and B 
element or elements and the base material 
(niobium or vanadium), and a barrier mat-
erial is incorporated to protect the pure metal 120 
from diffusion thereinto of any of the other 
components. 

A wide range of possible starting configura-
tions may be employed and some of these 
are illustrated in the accompanying drawings. 125 
These configuration selected for {Illus-
tration are not necessarily the best 
for producing optimum super-conduct-
ing properties, but merely illustrate, 
schematically, various possible arrangements 130 
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of the barrier materials between the combina-
tion of carrier material and B element or 
elements and the pure metal used for stabilisa-
tion. The optimum configuration has to be 

5 selected according to the elements employed 
and the particular superconducting application 
for which the superconducting member is 
manufactured. In general, an ideal configura-
tion would result in pure metal for stabilisa-

10 tion being in intimate contact with the super-
conducting compound throughout the length 
of the member. This is difficult to realise in 
practice, but can be approached using the con-
figuration of Figure 9 as such or as modified 

15 with the pure metal inside the tubes of 
metal A and the bronze outside the tubes. 

In the drawings, the metal A (niobium or 
vanadium) is referenced 11. The combination 
of carrier material with the B element or ele-

20 ments (bronze) is referenced 12. The barrier 
material is referenced 13 and the pure metal 
for stabilisation is referenced 14. In Figures 1 
and 2, hollow cylinders of barrier material 
13 containing bronze 12 and rods of metal A 

25 referenced 11 are envisaged embedded in a 
block of pure metal (die metal for stabilisa-
tion) which is not shown in these Figures. 

The barrier material 13 may surround a 
single filament 11 (Figure 1), a group of fila-

30 ments (Figure 2) or all the filaments in the 
composite (Figure 3). In Figure 3 pure metal 
for stabilisation is shown at 14. In these dia-
grams the barriers have been shown as cylin-
drical tubes of circular cross-section. When the 

35 deformation is symmetrical this will obviously 
be die best geometry, the most economical 
of barrier material and probably the easiest 
to manufacture. However, the essential feature 
of the barrier is that it should completely 

40 separate the bronze 12 from the pure metal 
14 over the whole length of the wire. These 
composites may be manufactured by various 

methods. For instance, when starting with a 
large block of the pure metal, e.g. cooper, 
sufficient holes may be drilled to provide all 45 
the filaments when the material is deformed. 
These holes may be filled with a tube of the 
barrier material, then a bronze tube and fin-
ally the rod A (Figure 4). Alternatively the 
holes may be filled with tubes of the barrier 50 
metal and previously bronze cores containing 
several A filaments ( with or without barrier 
layers). 

In another method several of these multicore 
filaments may be placed inside a tube of 55 
barrier metal, and this tube, possibly with 
other similar tubes, is then bundled with rods 
or wires of the pure metal before the com-
posite is deformed to produce wire of the re-
quired filament thickness (Figure 6). In 60 
Figure 6 is shown also an outer tube for 
facilitating assembly and control during the 
reduction. In these composites the bronze 12 
has been inside the barrier tube and the pure 
metal 14 outside. The reverse arrangement ^ 
is possible with the pure metal inside the 
barrier tube, and the bronze with rods or fila-
ments of A on the outside. In these the pure 
metal may either form a core at the centre 
of the wire (Figure 7) or be distributed else- 70 
where in the composite as in Figure 8. These 
composites may be produced by essentially 
the same means as those described for the 
arrangements with bronze inside the barrier. 
They are probably easier to manufacture than 75 
when the pure metal is on the exterior since 
the latter is usually the softest component, 
which makes uniform deformation of the com-
posite difficult at room temperature. 

The following table specifies the elements 80 
and their relevant properties which have been 
taken into account in choosing a barrier for 
use in the manufacture of Nb3Sri using a 
copper-tin bronze with niobium filaments:— 



6 1,394,724 6 

Barrier 
Element 

Maximum Solubility of 
Barrier Element in Copper 

(a/o) 
Maximum Solubility of tin in Barrier Element 

(a/o) 

C <0.0026 ? No information, probably negligible 

Ta <0.009 ? No information, probably negligible 

Mo negligible ? >0.1 

W negligible negligible 

Os negligible negligible 

Re negligible negligible 

Ru negligible no information 

Nb 0.07 negligible 

Hf 0.17, fM16 

Zr 0.275 (V17 

Ce 0.44 no information 

Ir >0.48 soluble, extent not determined 

B 0.53 no information, probably low 

Cr 0.73 (doubtful value) 

V 0.8 RjilO 

TABLE I 

5 

10 

15 

20 

2 5 

Those elements which have a low solubility 
in copper ( < 0 . i y o ) also in general dissolve 
negligible amounts of tin, whereas those with 
a slightly greater solubility (0.1—l.O^/o) in 
copper can themselves dissolve appreciable 
amounts (up to 17"/o) of tin. The choice of 
the barrier element is confined to those with 
less than O.P/o solubility in copper. Of these 
only tantalum and niobium appear to have 
good mechanical properties and be reasonably 
plentiful. Trial composites have shown that 
tantalum barriers can be incorporated in com-
posites to separate copper from bronze con-
taining niobium filaments, and protect the 
copper from diffusion thereinto of components 
of the bronze. 

After reaction to form Nb,Sn no tin has 
been detected in the copper, or in the tantalum 
barrier. Layers of inter-metallic phases have 
been found at the tantalum interfaces. Against 
the bronze the layer is found on analysis not 
to be Ta3Sn but a ternary compound 58.7*/o 
tantalum, 34.3Vo Cu and 7.0 ,/o Sn. This 
layer is only about one-tenth as thick as the 

Nb3Sn layer around filaments. At the copper 
tantalum interface very little compound is 
formed but analysis of larger areas indicates 
it has an approximate composition of Cu2Ta. 

In further experiments, superconducting 30 
cables have been manufactured, by the above-
described method, using tantalum layers drawn 
down during the fabrication to 7.5 microns 
thick, but nevertheless remaining continuous 
and functioning satisfactorily as a barrier. 35 

Using a 6 atomic per cent tin in copper 
bronze and 3 micron filaments of niobium, 
very satisfactory formation of Nb3Sn filaments 
has been achieved by solid state reaction at 
650°C for 60 hours. 40 

It is envisaged that still lower temperatures 
may be employed. 

It is particularly desirable to be able to 
cable up wires formed by the above-described 
method, and possibly even wind into a ccil 45 
structure, prior to carrying out the heat treat-
ment to form the superconducting compound. 

This can be achieved by insulating the 
wires, prior to heat treatment, with a refrac-
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tory insulating layer such as alumino. It is, 
of course, important that a uniform deposition 
is achieved without heating the wire so much 
as to initiate formation of the superconducting 

5 compound. In practice this can be achieved by 
glow discharge deposition using the technique 
described in British Parent Specification No. 
1,252,254. 

Since the A component of the A3B super-
10 conducting compound is a refractory metal, it 

is also likely to be a good diffusion barrier 
between the bronze and the pure metal. As 
discussed above, barriers which form high field 
superconducting compounds with components 

15 of the bronze are undesirable in multifila-
mentary superconductors, since the filaments 
will be completely surrounded by a super-
conducting cylinder of much larger diameter 
so that the advantage of dividing the super-

20 conductor into many fine filaments will be 
largely lost until the critical field of this 
barrier is exceeded. The position with barriers 
of A metal is similar. In this case the critical 
field -of the barrier compound is, of course, 

25 the same as that of the A3B filaments. More 
A3B will be produced in a given reaction time 
since the reaction can occur at the barrier 
interface as well as at the filaments. 

If a composite containing separate barriers 
30 of A around each plug of bronze containing 

a single A filament is^deformed sufficientiy the 
tubes of A3B formed at the barriers on reac-
tion can be made sufficiently small to provide 
the necessary stabilisation, but the amount of 

35 the A3B compound will be less than an A3B 
filament of the same diameter. The A rods 
or filaments are not an essential feature of this 
superconductor, and if they were omitted a 
simpler multifilament superconductor would 

40 result. In this as many tubes of A, lined with 
a bronze core, as are required in the final 
superconductor are embedded in a block of 
pure metal which is deformed by hot or cold 
fabrication techniques to produce fine tubes 

45 of A of the necessary thinness. The whole 
assembly is then heated for a suitable time at 
a reaction temperature to produce annuli of 
A3B by reaction of the B element in the bronze 
with die tubes of A. 

50 The starting material is shown schematic-
ally in Figures 9 and 10. The precise size, 
shape and arrangements of various members 
can be varied to suit manufacturing require-
ments and such parameters as superconductor 

55 to pure metal ratios. The essential points are 
that in the product after deformation fine 
tubes containing bronze are present in a pure 
metal matrix, reaction occurs by a solid state 
reaction, and after reaction no B, or other 

60 constituents of the bronze, have diffused into 
the pure metal. Solid state reactions are essen-
tion to the process, since they allow the ASB 
phase to be formed at a lower temperature 
than would in general be possible from the 

65 liquid, and the properties of A3B formed at 

these low temperatures are superior to those 
of A3B formed at high temperatures. 

If we assume that no tin remains in the 
bronze at the end of the reaction (i.e. it is 
pure copper), that no porosity is produced, 
and the densities of Nb3Sn and Cu are 8.92 
and 8.96 gm/cc, then the maximum ratio 
(volume ratio) of Nb3Sn to Nb3Sn plus Cu 
obtained from «-Cu solid solutions is 0.344 at 
798°C and 0.387 at 586°C. When these are 
compared to filaments of Nb3Sn of the same 
Nb3Sn volume the ratios (radii ratios) of 
the tube to filament radii are 1.704 and 1.608 
respectively. The amount of Nb3Sn formed in 
the tube has been slightiy overestimated since 
a small amount (~•1/3a/o) of tin will remain 
in the copper at the end of the reaction. 

Higher Nb3Sn contents of the reacted tubes 
could be obtained if tin-rich phases were 
present in the bronze since Nb3Sn formation 
could then be maintained by tin diffusing 
from these phases into the «-Cu. Such bronzes 
are not employed since the hard or britde 
nature of the intermetallic phases make fabri-
cation difficult, This difficulty may be circum-
vented by incorporating a reservoir, or reser-
voirs, of tin in the bronze, e.g. as a core 15 
Figures ( 1 1 and 12). On annealing the tin can 
then dissolve directly into the w-Cu, or inter-
metallic phases could form which would then 
be denuded of tin on longer annealing. The 
essential point is to maintain a layer of ™-Cu 
adjacent to niobium tube, since at the reaction 
temperature Nb3Sn only forms by the solid 
route whereas NbcSn- or NbSn2 would form 
in preference to NbsSn if the liquid came in 
contact with the niobium. This form of tin 
enrichment is, of course, only feasible if all 
the deformation of the specimens can be done 
without intermediate heat treatments. 

The extent of tin enrichment depends on 
the reaction temeperature. If there is sufficient 
tin present to dissolve all the copper or bronze, 
then the solid state reaction is not possible, 
unless much tin reacted to form Nb3Sn during 
the heating up. Hence the composition of the 
liquid richest in copper gives the upper limit 
of tin enrichment at that temperature. These 
compositions are tabulated in Table II. The 
column headed "Feature in Diagram" simply 
identifies the phase character in the copper/ 
tin alloy phase diagram at the temperature 
given in the second column. 

This method of enriching die bronze core 
with reservoirs of the B metal is applicable to 
any bronze system provided the B may be 
deformed with the surrounding bronze. 

Although this 'tube' process has been des-
cribed above without any rods or filaments of 
A inside the tubes, their presence is not pre-
cluded. Indeed the A3B reaction may be 
complete much sooner when they are present 
since more interfaces with the bronze will 
be present. 

The tube technique may also be applied in 



00 

cases where the refractory metal A is soluble 
in the pure stabilising metal, e.g. as vanadium 
is in copper, if a metal barrier, impermeable 
to both materials is placed between die refrac-

tory metal and the pure metal. 
Although the tube technique has been des-

cribed for many tubes of metal A embedded 
in a matrix of pure metal, 

Tin rich a Solid Solution Solid phase richest in tin Liqi'id richest in copper 

Feature in 
diagram 

Temp. 
a/uSn Vol. ratio rad. ratio a/oSn Vol. ratio rad. ratio a/oSn Vol. ratio rad. ratio 

(3 periteotic 798 7.7 0.344 1.704 13.1 0.487 1.433 15.5 0.535 1.367 

y peritectic 755 16.5 0.554 1.343 19.1 0.597 1.294 

y monotectic 640 28.0 0.709 1.188 43.1 0.826 1.100 

/3 euteetoid 586 9.1 0 , 3 8 7 2.6 08 £ 

TABLE II 
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15 

20 
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the method may be modified to allow indivi-
dual tubes of A filled with bronze, or groups 
of such tubes, to be bundled together with 
rods or wires of the pure metal. The assembly 
thus formed is then fabricated to the final 
size by deformation processes and reacted 
to form A3B. The techniques for bundling 
and deforming these tubes resemble those 
for assembling bronze filaments. 

Another modification, for use in the whole 
or part of a superconductor, is to dispense 
with the pure metal matrix and form holes for 
pure metal rods and bronze rods directly in 
a block of the refractory metal A. 

A further modification is to provide the 
pure metal for stabilisation within tubes of the 

metal A. A bundle of such mbes is embedded 
in a block of the bronze which is then fabri-
cated by deformation to the final size and 
heat treated to react the A and B elements 
together to form A3B. 30 

WHAT WE CLAIM IS:— 
1. A method of manufacturing a super-

conducting member wherein there is formed 
a combination of a carrier material (as herein 
defined) and at least one element which when 35 
contacted with a base material and heat 
treated will react with the base material to 
form a superconducting compound; the said 
combination in contact with the base material 
and together with a metal, which is eventually 40 

00 
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to provide stabilisation, are formed into a 
composite unitary structure, a barrier material 
(as herein defined) being present and posi-
tioned in the said composite unitary structure 

5 to protect the said metal from diffusion there-
into of any of the other components; and the 
said composite unitary structure is heat treated 
to cause a solid state reaction between the 
base material and the element or elements to 

10 form a superconducting compound therewith, 
the heat treatment temperature being con-
trolled for avoiding melting of the said com-
bination in contact with the base material 
at any stage during the reaction. 

15 2. A method of manufacturing a super-
conducting member wherein: a superconduc-
tor of A15 crystal structure having the gen-
eral formula A3B (where A is a substrate 
metal and B is one or more elements which 

20 when alloyed with the substrate metal A will 
form the said superconductor), is formed by 
fabricating a composite unitary structure of 
the metal A in contact with a carrier material 
(as herein defined) containing one or more 

25 of the elements B together with a stabilising 
metal eventually for stabilising the super-
conductor when in use, and a barrier material 
(as herein defined) disposed between, and in 
contact with, the stabilising metal and the 

30 carrier material; and heat treating the com-
posite unitary structure to cause a solid state 
reaction between the element or elements B 
and the metal A to form a superconducting 
compound therewith; the barrier material 

35 being selected to protect the stabilising metal 
from diffusion thereinto of any of the other 
components during the said heat treatment; 
and the heat treatment temperature being con-
trolled for avoiding melting of the carrier 

40 material containing the element or elements 
B in contact with the metal A at any stage 
during the reaction. 

3. A method of manufacturing a super-
conducting member wherein there is formed 

45 a combination of a carrier material (as herein 
defined) and at least one element from the 
group consisting of aluminium, gallium, 
indium, silicon, germanium, gold, platinum, 
antimony, rhodium, zirconium, palladium, 

50 osmium, ruthenium, cobalt, thallium, lead, 
arsenic, bismuth, iridium and tin; the said 
combination is contacted with a base material 
essentially consisting of niobium; the said 
combination and the base material together 

55 with a metal, which is eventually to provide 
stabilisation, are formed into a composite 
unitary structure, a barrier material (as herein 
defined) being present and positioned in the 
said composite unitary structure to protect 

60 the said metal from diffusion thereinto oi any 
of the other components; and the said com-
posite unitary structure is heat treated to cause 
a solid state reaction between the niobium and 
the element or elements from the said group 

65 to form a superconducting compound there-

with, the heat treatment temperature being 
controlled for avoiding melting of the said 
combination in contact with the niobium at 
any stage during the reaction. 

4. A method of manufacturing a supercon- 70 
ducting member wherein there is formed a 
combination of a carrier material (as herein 
defined) and at least one element from the 
group consisting of aluminium, gallium, 
indium, silicon, germanium, antimony, arsenic, 75 
beryllium and tin: the said combination is 
contacted with a base material essentially con-
sisting of vanadium; the said combination and 
the base material together with a metal, which 
is eventually to provide stabilisation, are 80 
formed into a composite unitary structure, a 
barrier material (as herein defined) being 
present and positioned in the said composite 
unitary structure to protect the said metal 
from diffusion thereinto of any of the other 85 
components; and the said composite unitary 
structure is heat treated to cause a solid state 
reaction between the vanadium and the ele-
ment or elements from the said group to form 
a superconducting compound therewith, the 90 
heat treatment temperature being controlled 
for avoiding melting of the said combination 
in contact with the vanadium at any stage dur-
ing the reaction. 

5. A method as claimed in any one of the 95 
preceding claims, wherein the said combina-
tion of carrier material and element or ele-
ments comprises a solid solution of the ele-
ment or elements in the carrier material. 

6. A method as claimed in any one of the 100 
preceding claims, wherein the said combina-
tion comprises the carrier material and two or 
more elements, which are ultimately reacted 
with the base material to form the super-
conducting compound, existing together in 105 
solid solution in the carrier material. 

7. A method as claimed in anp one of the 
preceding claims, wherein the barrier material 
comprises tantalum. 

8. A method as claimed in any one of claims 110 
1 to 6, wherein the barrier material comprises 
the same material as the base material. 

9. A superconducting member when made 
by the method of any one of the preceding 
claims. 115 

10. A superconducting member essentially 
consisting of a composite, unitary structure 
made up from; a base material for a super-
conducting compound, a carrier material (as 
herein defined) combined with at least one 120 
element which together with the base material 
may make up a superconducting compound, a 
metal for providing stabilisation and a barrier 
material (as herein defined) positioned to pro-
tect the said metal for stabilisation from diffu- 125 
sion thereinto of any of the other components, 
in which composite unitary structure a super-
conducting compound has been formed be-
tween at least a portion of the base material 
and the said element or elements. 130 
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11. A superconducting member as claimed 
in claim 10, wherein the said base material 
essentially consists of niobium or vanadium 
and said element or elements is or are selected 

5 from the group consisting of aluminium, gal-
lium, indium, silicon, germanium, gold, 
platinum, antimony, rhodium, zirconium, pal-
ladium, osmium, ruthenium, cobalt, thallium, 
lead, arsenic, bismuth, iridium and tin. 

10 12. A superconducting member as claimed 
in claim 11, wherein the barrier material com-
prises niobium or tantalum. 

13. A superconducting member as claimed 
in claim 10, wherein the said base material 

15 essentially consists of niobium or vanadium 
and said element or elements is or are selected 
from the group consisting of aluminium, gal-
lium, indium, silicon, germanium, antimony, 
arsenic, beryllium and tin. 

20 14. A superconducting member as claimed 
in claim 13, wherein the barrier material com-
prises tantalum. 

15. A superconducting member as claimed 
in any one of claims 10 to 14, wherein the 

said metal for providing stabilisation com-
prises pure copper. 

16. A superconducting member as claimed 
ing any one of claims 10 to 15, wherein the 
superconducting compound comprises the 
niobium-tin compound Nb3Sn and the matrix 
contains copper as carrier material with some 
unreacted tin therein and pure copper for 
stabilisation separated from the components 
containing tin by a barrier layer of niobium 
or tantalum. 

17. Any of the methods of manufacturing 
a superconducting member substantially as 
hereinbefore described with reference to Figure 
1, or Figure 2, or Figure 3, or Figures 4 and 
5, or Figure 6, or Figure 7, or Figure 8, or 
Figures 9 and 10, or Figures 11 and 12 of 
the drawings accompanying the Provisional 
Specification. 

18. A superconducting member made by 
any of the methods of claim 17. 

M. J. LOFTING, 
Chartered Patent Agent, 

Agent for the Applicants. 
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