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OF SUPERCONDUCTING MEMBERS 

(71) We, U N I T E D K I N G D O M 
A T O M I C ENERGY AUTHORITY , 
London, a British Authority, do hereby 
declare the invention, for which we pray 

5 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 the manufacture 
10 of superconducting members. 

By superconducting member is meant a 
member w h i c h w i l l e x h i b i t 
superconductivity when its temperature is 
lowered below its critical temperature. 

15 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 the A15 crystal structure 

20 having the general formula A3B where A 
comprises niobium or vanadium and B 
typically comprises one or more of the 
elements aluminium, gallium, indium, 
silicon, germanium and tin. 

25 The invention is more particularly 
concerned with the manufacture of a 
superconducting member comprising a 
large number of fine superconductive 
Filaments supported in an electrically 

30 conductive, non-superconductive matrix, 
and is an improvement in or development of 
the inventions described in British Patent 
Specifications Nos. 1,333,554 and 1,394,724. 

A3B compounds with A15 crystal 
35 structure are sometimes superconducting 

with high temperatures of transition from 
the superconducting to the normal state. 
These compounds cannot be produced as 
multifilamentary superconductors by 

40 techniques sui table for duc t i le 
superconductors because they are very hard 
and brittle materials. One method suitable 
for producing A3B compounds as 
multifilamentary superconductors is 

45 described in British Patent Specification 

No. 1,333,554. For example, rods or wires of 
the element A are embedded in a matrix of a 
carrier metal containing the element B. 
Copper is a suitable carrier metal for the 
production of Nb3Sn or V3Ga by this 50 
method and the alloy of the carrier metal 
with the element B is conveniently referred 
to as "the bronze" or "the Cu-B alloy". The 
B element is generally in solid solution in 
the carrier metal since this provides a 55 
ductile alloy, but the method can also work 
when the B element is also present in other 
phases in the bronze. The element A and the 
Cu-B alloy may both contain additions of 
other elements. The composite of rods of 60 
element A in a matrix of bronze is 
fabricated by a simple mechanical 
deformation process to produce fine 
filaments of element A in the required 
configuration in the bronze matrix. The 65 
filaments of element A are then converted 
to compound A3B by reaction with the B 
element from the bronze by heating in a 
temperature range in which the bronze in 
contact with the element A remains in the 70 
solid state. 

It is noted in Patent Specification No. 
1,333,554 that the alloy (Cu-B alloy) may 
contain other elements in the form of 
acceptable impurities or additives or 75 
diluents which do not unacceptably affect 
the reaction between the niobium or 
vanadium with the B element to form the 
superconducting compound. 

The present invention is based upon the 80 
discovery that quite small quantities of 
phosphorus in the bronze can have a 
deleterious effect upon A3B superconductor 
manufactured by the aforedescribed 
method. 85 

According to the invention there is 
provided a method of manufacturing a 
superconducting member embodying a 
superconductor of A15 crystal structure 
having the general formula A3B (where A is 90 
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a substrate metal and B is one or more 
elements which when alloyed with the 
substrate metal A will form the said 
superconductor), which method comprises 

5 forming an alloy of a carrier material (as 
herein defined) and one or more of the 
elements B, contacting the alloy with a base 
material consisting of the metal A, forming 
the contacted alloy into a unitary structure, 

10 the formation of the alloy being carried out 
such that, at least where it is in contact with 
the base material any phosphorus present in 
the bronze is at a concentration less than 0.2 
per cent by weight, preferably less than 0.02 

15 per cent by weight, and heat treating the 
said unitary structure to cause reaction 

" between the base material and the B 
element or elements to form a 
superconducting A3B compound. 

20 Preferably the A metal comprises 
niobium or vanadium and the B element or 
elements comprises one or more of the 
elements of the group consisting of 
aluminium, gallium, indium, silicon, 

25 germanium, gold, platinum, antimony, 
rhodium, palladium, osmium, ruthenium, 
cobalt, thallium, lead, arsenic, bismuth, 
iridium and tin. 

Preferably the B element or elements 
30 comprises one or more of the group 

comprising aluminium, gallium, indium, 
silicon, germanium and tin. 

Preferably the heat treatment is 
controlled for avoiding melting of the 

35 composite material in contact with the base 
material at any stage during the heat 
treatment. 

The carrier material will in general 
consist of an element from the group 

40 comprising copper, silver and gold, but 
require selection to meet the following 
functional requirements, which define the 
carrier material:— 

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

(2) when considered together with the 
chosen B element or B elements of the 
aforesaid group and the concentration of 
the element or elements in the carrier 

50 material, there should be not unwanted 
compound which is formed under the range 
of temperature and element concentrations 
occurring during the reaction treatment. 

By "unwanted compound" is meant any 
55 compound which interferes significantly 

with the formation of the super-conducting 
material from the base material and the B 
element or which interferes unacceptably 
with the superconducting properties of the 

60 product matrix. 
Examples of basic methods of 

manufacture in which the present invention 
is readily embodied are described in Patent 
Specifications Nos. 1,333,554 and 1,394,724, 

the disclosures in which specifications are 65 
hereby imported by reference. 

Phosphorus dissolved in copper-tin 
bronzes can completely inhibit the 
formation of Nb3Sn on niobium embedded 
in the bronze. This will occur in tin rich 70 
solid solution alloys when the phosphorus 
content is greater than about 0.2 weight 
percent. A thin layer of a phase other than 
Nb3Sn is formed at the interface between 
the niobium and the bronze. Microprobe 75 
analysis of this layer suggested a 
composition 45 weight per cent phosphorus, 
39 weight per cent niobium, 12 weight per 
cent copper and 3 weight per cent tin. 
However because of the thinness of this 80 
layer, the copper and tin values could be 
high due to some inclusion of bronze in the 
region of the microprobe sample. Similarly, 
the n iob ium could be l ikewise 
overestimated. At lower phosphorus 85 
contents Nb3Sn formation occurs but at a 
slower rate than in purer bronzes, and the 
transition of the normal to superconducting 
state occurs at lower temperatures. The 
phosphorus content of the bronze should be 90 
about 0.02 weight per cent, or lower, to 
produce Nb3Sn with a good transition 
temperature. 

The methods of the examples described in 
the earlier specifications and imported by 95 
reference are therefore modified in 
accordance with the present invention by 
the step of ensuring that the phosphorus 
content of the bronze, at least where it is in 
contact with filaments of metal A which are joo 
to be converted to A3B superconducting 
filaments, is less than 0.2 per cent by weight 
and, for particularly advantageous results, is 
less than 0.02 per cent by weight. 

The invention is not restricted to the 105 
details of the foregoing examples. For 
instance the inventive step may be applied 
in the methods described in Patent 
Specification No. 1,499,507. However, it 
should be noted that Specification No. 110 
1,499,507 describes a manufacturing 
techn ique fo r m u l t i f i l a m e n t a r y 
superconducting wire, in which pure copper 
is i n c l u d e d fo r s tab l i s ing the 
superconducting wire in operation. Barrier 115 
metal layers are included in the structure to 
protect the pure copper from diffusion 
thereinto of other constituents, particularly 
the B metal. In choosing the material to 
provide the barrier metal layer, it is most 120 
convenient to use A metal but it is 
important to avoid or reduce formation of 
A3B superconductor on such A metal 
barriers (as distinct from the A metal 
filaments which it is desired to convert into 125 
superconducting A3B filaments) for the 
reasons explained in Specification No. 
1,499,507. One technique described in that 
specification for inhibiting superconductor 
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formation on the A metal barriers is to 
ensure that phosphorus is present in the 
bronze adjacent the barriers in adequate 
concentration to effect the inhibition. It will 

5 be appreciated that where phosphorus is 
included in the bronze in this way to inhibit 
superconductor formation on A metal 
barriers, it is difficult to ensure adequately 
lower phosphorus concentration in the 

10 bronze which is in contact with A metal 
filaments, where, of course, no inhibition of 
superconductor formation is wanted. 

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

15 superconducting member embodying a 
superconductor of A15 crystal structure 
having the general formula A3B (where A is 
a substrate metal and B is one or more 
elements which when alloyed with the 

20 substrate metal A will form the said 
superconductor), which method comprises 
forming an alloy of a carrier material (as 
herein defined) and one or more of the 
elements B, contacting the alloy with a base 

25 material consisting of the metal A, forming 
the contacted alloy into a unitary structure, 
the formation of the alloy being carried out 
such that, at least where it is in contact with 
the base material, any phosphorus present 

30 in the alloy is at a concentration less than 
0.2 per cent by weight, and heat treating the 
said unitary structure to cause reaction 
between the base material and the B 
element or elements to form a 

35 superconducting A3B compound. 
2. A method as claimed in claim 1, 

wherein the said phosphorus concentration 
is less than 0.02 per cent by weight. 

3. A method as claimed in claim 1, or 
40 claim 2, wherein the A metal comprises 

niobium or vanadium and the B element or 
elements comprises one or more of the 
elements of the group consisting of 
aluminium, gallium, indium, silicon, 

45 germanium, gold, platinum, antimony, 
rhodium, palladium, osmium, ruthenium, 
cobalt, thallium, lead, arsenic, bismuth, 
iridium and tin. 

4. A method as claimed in claim 1 or 
50 claim 2, wherein the A metal comprises 

niobium or vanadium and the B element or 
elements comprises one or more of the 
group comprising aluminium, gallium, 
indium, silicon, germanium and tin. 

55 5. A method as claimed in any of the 

preceding claims, wherein the heat 
treatment is controlled for avoiding melting 
of the alloy in contact with the base material 
at any stage during heat treatment. 

6. A method as claimed in any of the 60 
preceding claims, wherein the carrier 
material consists of an element from the 
group comprising copper, silver and gold 
but is selected such that it does not react 
with the base material under the heat 65 
treatment and, when considered together 
with the chosen B element or B elements of 
the aforesaid group and the concentration 
of the B element or elements in the carrier 
material, there is formed under the range of 70 
temperature and element concentrations 
occurring during the reaction treatment, no 
compound which interferes significantly 
with the formation of the superconducting 
material from the base material and the B 75 
element or elements or which interferes 
unacceptably with the superconducting 
properties of the product matrix. 

7. A method as claimed in any of the 
preceding claims for manufacturing a 80 
superconducting member embodying Nb3Sn 
superconductor, which method comprises 
forming an alloy of copper with tin, 
contacting the alloy with niobium, forming 
the contacted alloy and niobium into a 85 
unitary structure, the formation of the alloy 
being carried out such that, at least \vhere it 
is in contact with the niobium to be 
converted to Nb3Sn, phosphorus present in 
the alloy is at a concentration less than 0.02 90 
per cent by weight, and heat treating the 
said unitary structure to cause reaction 
between niobium and the tin to form Nb3Sn 
superconducting compound, the heat 
treatment being controlled to avoid melting 95 
of the alloy in contact with niobium at any 
stage during the heat treatment. 

8. A method of manufacturing a 
superconducting member substantially as 
described in any of the examples of Patent 100 
Specifications Nos. 1,333,554 and 1,394,724 
when modified by the step of ensuring that 
the phosphorus content of the bronze, at 
least where it is in contact with filaments of 
metal A which are to be converted into A3B 105 
superconducting filaments, is less than 0.02 
per cent by weight. 

M. J. LOFTING, 
Chartered Patent Agent, 
Agent for the Applicants. 
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