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(54) IMPROVEMENTS IN OR RELATING TO 
SUPERCONDUCTORS 

(71) We, IMPERIAL METAL IN-
DUSTRIES (KYNOCH) LIMITED, a British 
Company, of Kynoch Works, Witton, 
Birmingham B6 7BA, do hereby declare the 

5 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:— 

10 This invention relates to superconductors 
and has particular but not exclusive 
reference to superconductors having good 
superconductive properties. 

The production of intermetallic super-
15 conductors has been proposed in which the 

intermetallic compound is produced by 
forming an assembly of one component of 
the eventual compound in intimate contact 
with a non-superconducdve sheath of a 

20 stabilising material such as copper, and 
passing the precursor so formed through a 
bath of the remaining component or 
components of the eventual intermetallic 
compound. The coated precursor is then 

25 heat treated to permit the coating material 
to diffuse into the one component to form 
the intermetallic compound. 

Although this produces good results, it 
has now been discovered that compared 

30 with compounds prepared from virgin 
metals, there is some degradation of the 
properties of the compound prepared using 
this route. It has also now been discovered 
that this is caused by some diffusion of the 

35 non-superconductive metal into the one 
component and into the compound. 

By the present invention there is provided 
a method of manufacturing a super-
conductor of an intermetallic super-

40 conductive compound which includes the 
steps of providing an assembly of at least one 
component of the intermetallic super-
conductive compound in indirect contact 
with a material which is not super-

45 conductive at 4.2°K, by heat treatment, 
diffusing the remaining component or 
components of the intermetallic super-
conductive compound through the non-

superconductive material into the at least 
one component to form said intermetallic 50 
compound, characterised in that there is 
provided a selective diffusion barrier 
between the at least one component and the 
non-superconductive material, through 
which the remaining component or 55 
components can diffuse, but which 
substantially blocks the passage of said non-
superconductive material into the at least 
one component. 

The non-superconductive material may 60 
be a stabilising material. The remaining 
component of components may be added to 
the outside of the assembly and diffused 
through, or may be incorporated in the non-
superconductive material to form an alloy 65 
therewith prior to assembly. The remaining 
component or components may be added to 
the outside in a first operation and diffused 
through in a subsequent operation. 

The selective diffusion barrier is one 70 
which dissolves or forms compounds with 
those components which have to pass 
through it, but in which the non-super-
conductive component is substantially 
insoluble at temperatures up to and 75 
including the temperatures of processing 
and heat treatment of the assembly. The 
barrier may be formed of one or more 
materials. 

The assembly may be in the form of a 80 
wire, tape, tube or other extended 
configuration. The non-superconductive 
metal may be chosen from the group 
comprising copper, silver, an alloy of nickel 
plus copper, magnesium, iron, the barrier 85 
being respectively tantalum, niobium, layers 
of zirconium and tantalum, hafnium, and 
zirconium. 

The assembly may be elongated prior to 
the heat treatment stage used to form the 90 
intermetallic compound. The elongation 
may be carried out at elevated temperatures 
which are lower than the temperature of 
said heat treatment. 

Preferably the remaining component or 95 
components is or are the more reactive 
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metal(s) under the heat treatment 
conditions. The heat treatment to provide 
diffusion is preferably carried out at such a 
temperature that none of the metals or 

5 constituents of the assembly is in the liquid 
phase. Thus the alloy of the non-
superconductor metal and the more highly 
reactive constituent will normally have a 
lower melting point than that of the 

10 remainder of the constituents, and will be 
reacted at slightly below that melting point. 

Alternatively the heat treatment to 
provide diffusion is carried out at such a 
temperature that said alloy is molten, in 

15 which case it must be contained by a solid 
component. 

The at least one component may be in the 
form of a filament in a matrix of the alloy. 

Additional stabilising non-super-
20 conductor material may be located near the 

intermetallic compound, for example by 
being cabled with wires of stabilising metal. 
The superconductor can also be reinforced 
by incorporating reinforcement filaments or 

25 being cabled with the latter. 
By way of example, embodiments of the 

invention will now be described with 
reference to the accompanying drawings of 
which: 

30 Figure 1 is a cross-section not to scale of a 
superconductor assembly; 

Figure 2 is a perspective view not to scale 
of a tape assembly; 

Figure 3 is a cross-section not to scale of a 
35 tube; 

Figure 4 is a cross-section not to scale of a 
single wire; and 

Figure 5 is a cross-section not to scale of a 
portion of a wire using a double barrier. 

40 Considering Figure 1, the wire illustrated 
comprises a copper matrix 1 embedded in 
which is a series of niobium filaments 2 
which are surrounded by tantalum diffusion 
barriers 3. The assembly is made by insert-

45 ing a niobium rod sheathed in a tantalum 
tube into a copper can, evacuating and 
sealing the can, and then extruding the 
assembled can to form a series of rods. 
These rods are then cut into pieces and 

50 either inserted into a block of copper having 
holes drilled for their location or inserted 
into a can of copper together with the other 
copper rods to produce a sub-assembly. 

This can is then evacuated and sealed and 
55 the assembly extruded at a temperature of 

approximately 750°C to form a composite 
rod which is then swaged and drawn to 
produce a wire with filaments located as 
shown in the drawing. The approximate 

hQ diameter of the niobium filaments would 
typically be less than 10 microns and might 
normally be of the order of 2 microns. In the 
final assembly, the thickness of the tantalum 
barrier would be a few tenths of a micron, 

to typically 0.2 micron. The assembled wire or 

precursor is then passed through a tank of 
molten tin permitting tin to solidify on the 
surface of the precursor to form a coating 
thereon. The thus coated body is then 
passed into a furnace which has an argon 70 
atmosphere at a temperature of 800°C. The 
tin rapidly diffuses into the copper and 
through it to contact the tantalum. The 
assembly is then further heat treated at a 
temperature of approximately 700—800°C 75 
for 10 to 20 hours during which time the tin 
reacts with the tantalum to form the inter-
metallic compound TaaSn. The tin migrates 
through the tantalum in the form of this 
intermetallic compound to react with the 80 
niobium filaments to form the super-
conducting intermetallic NbiSn. Since 
copper is almost totally insoluble in 
tantalum, there is no reaction between the 
copper in the bronze matrix and the 85 
tantalum diffusion barrier so that no copper 
passes through it into the niobium filaments. 
The copper also has a very small solubility 
in the TasSn intermetallic compound, and 
consequently little copper passes through 90 
that either. 

The effect of the tantalum barrier is 
therefore to prevent copper contaminating 
the eventual NbaSn produced, resulting in a 
high quality product with good super- 95 
conductive properties. 

In an alternative method of forming a 
filamentary superconductor illustrated in 
Figure 1, the copper matrix 1 may be 
replaced by a bronze matrix of copper plus 100 
10wt% tin. The assembly would be made in 
a similar manner to that described above, 
except that bronze cans would be used to 
sheathe the niobium rods and these rods 
would then be either inserted into a block of 105 
bronze or into a further can of bronze. 
Again the can would be evacuated, sealed, 
extruded, swaged and drawn to a wire. The 
assembly would then be heat treated at a 
temperature of approximately 700 to 800°C 110 
for 10 to 20 hours to produce a similar 
reaction to that described above. 

Considering the tape embodiment 
illustrated in Figure 2, the tape is formed by 
preparing a sandwich of silver base 4 with a 115 
niobium interlayer 5 separating the base 
from an alloy 6 of silver plus 10wt% 
germanium. On top of the layer 6 is a further 
layer 7 of niobium and then on top of this is 
a layer 8 of vanadium. These layers may be 120 
built up to any number as required, and may 
also be located beneath the base 4 in a 
mirror image formation. The outer layers 
may be reinforced with further silver layers. 
It will of course be appreciated that the 125 
position of the silver-germanium alloy layer 
and the vanadium layer may be reversed if 
required. The assembly is prepared by 
thoroughly surface cleaning individual tapes 
of the components and then roll-bonding 130 
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them together either two at a time and 
recombining or by assembling the whole in a 
single rolling operation. Normally the 
rolling operation further extends the 

5 composite to produce a uniform arrange-
ment. 

During the heat treatment stage, the 
germanium reacts with the niobium to form 
NbaGe and the germanium then diffuses 

10 through the niobium, to form VsGe in the 
vanadium layer. Since the silver is virtually 
insoluble in the niobium and in the NbaGe 
compound, no reaction with it occurs and 
hence the silver does not contaminate the 

15 VaGe formed. 
Referring to Figure 3, a central tube 9 of 

an alloy austenitic stainless steel Fe 18wt% 
Cr, 8wt% Ni, 0.08wt% C plus 5wt% gallium 
is separated from an outer vanadium tube 10 

20 by means of a barrier tube 11 of zirconium. 
Normally such an arrangement would be 
prepared by co-processing tubes of the 
alloy, the zirconium and the vanadium 
starting from an initially extruded 

25 composite and drawing using a floating plug 
technique. 

When the material is reacted the gallium 
reacts with the zirconium to form ZrGai. 
The gallium then diffuses through the 

30 zirconium to form VzGa in the vanadium 
tube. Since iron, nickel and chromium are 
almost totally insoluble in zirconium 
(chromium below 830°C) with a maximum 
solubility of approximately 0.02wt% at 

35 SOOT for iron, and are also of low solubility 
in ZrGas, no reaction between the iron, 
nickel and chroming and the zirconium 
occurs and hence the iron, nickel and 
chromium do not pass into the vanadium 

40 tube to contaminate the VaGa thus formed. 
Considering the embodiment illustrated 

in Figure 4, a central core 12 of magnesium 
plus 5wt% aluminium is separated from a 
surrounding tube 13 of niobium by a barrier 

45 14 of hafnium. Again the assembly is 
produced by co-processing at an elevated 
temperature a rod of magnesium-aluminium 
alloy surrounded by hafnium and niobium 
tubes to produce a metallurgicaliy-bonded 

50 assembly as illustrated in the drawing. The 
material is desirably processed at a 
relatively low temperature for the alloy 
magnesium plus 5wt% aluminium has a 
relatively low melting point. However, since 

55 the alloy is surrounded by a higher melting 
point material such as niobium, the 
temperature of processing can be made 
above the melting point of the magnesium/ 
aluminium if this has processing advantages 

60 such as rapid reduction in section. During 
the reaction stage, the aluminium reacts 
with the hafnium to form HfAh and the 
aluminium then diffuses through the 
hafnium to form NbiAl in the surrounding 

65 niobium tube. Since magnesium is virtually 

insoluble in hafnium and also in Hf Ah, the 
magnesium does not contaminate the NbaAl 
formed eventually. Also using the arrange-
ment illustrated the alloy may if necessary 
be melted to enable the heat treatment 70 
temperature to be raised and speed up the 
reaction. The alloy would be kept in the 
niobium tube by virtue of capillary action. 

In the embodiment illustrated in Figure 5, 
niobium filaments are embedded in a nickel 75 
plus copper plus aluminium matrix and are 
surrounded by a double diffusion barrier 
comprising a tantalum layer adjacent the 
biobium filaments and a further surrounding 
zirconium layer. The matrix alloy has the 80 
proportions nickel o-sa, copper 0-2v. 
aluminium «.i by weight. The diffusion 
barrier works by each of the layers blocking 
one of the components of the matrix alloy 
which would contaminate the eventual 85 
superconductor. The aluminium reacts with 
the zirconium to form a range of inter-
metallic compounds from ZrAl to ZrAh; 
the copper also diffuses through the 
zirconium but the nickel being insoluble in 90 
zirconium does not pass into it. The 
aluminium being also soluble in the 
tantalum layer, forming TaAL, diffuses 
through the tantalum to reach the niobium 
filaments to form NbsAl. However, as the 95 
copper is almost completely insoluble in the 
tantalum, it does not pass through it and 
hence does not contaminate the NbiAl. 

The mixed outside matrix of copper plus 
nickel for the aluminium is better than 100 
either metal on its own. The copper reduces 
the ferro-magnetic properties of the nickel 
and the nickel raises the melting point of the 
copper-aluminium alloy to reasonable levels 
for the purposes of processing. The 105 
processing can in fact be carried out at 
temperatures of the order of 800qC. 

Although the invention has been 
described with reference to the five 
particular embodiments, it will be HO 
appreciated that the structural arrangement 
could be used with any of the combinations 
of the materials described. Also other 
diffusion barrier and reaction component 
systems could be used. The requirement H5 
only being that the diffusion barrier is 
penetrable by the component which has to 
pass through it and which is impenetrable by 
whatever matrix material is required not to 
pass into the eventual supercondcutor. 120 

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

condcutor of an intermetallic super-
conductive compound which includes the 
steps of providing an assembly of at least 125 
one component of the intermetallic super-
conductive compound in indirect contact 
with a material which is not super-
conductive at 4.2°K, by heat treatment, 
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diffusing the remaining component or 
components of the intermetallic super-
conductive compound through the non-
superconductive material into the at least 

5 one component to form said intermetallic 
compound, characterised in that there is 
provided a selective diffusion barrier 
between the at least one component and the 
non-superconductive material, through 

10 which the remaining component or 
components can diffuse, but which 
substantially blocks the passage of said 
non-superconductive material into the at 
least one component. 

15 2. A method as claimed in claim 1 in 
which the non-superconductive material is a 
stabilising material. 

3. A method as claimed in claim 1 or 2 in 
which the remaining component or 

20 components are added to the outside of the 
assembly and diffused through. 

4. A method as claimed in claim 1 or 2 in 
which the remaining components or 
components are incorporated in the non-

25 superconductive material to form an alloy 
therewith prior to the assembly. 

5. A method as claimed in claim 3 in 
which the remaining component or 
components are added to the outside in a 

30 first operation and diffused through in a 
second operation. 

6. A method as claimed in any one of 
claims 1 to 5 in which the selective diffusion 
barrier is formed of a single material. 

35 7. A method as claimed in any one of 
claims 1 to 5 in which the selective diffusion 
barrier is formed of a plurality of materials. 

8. A method as claimed in any one of 
claims 1 to 5 in which the non-super-

40 conductive metal is chosen from the group 
comprising copper, silver, an alloy of nickel 
plus copper, magnesium, iron, the selective 
diffusion barrier being respectively tanta-
lum, niobium, layers of zirconium and 

45 tantalum, hafnium, and zirconium. 
9. A method as claimed in any one of 

claims 1 to 8 in which the assembly is in the 
form of a wire, tape, tube or other extended 
configuration. 

50 10. A method as claimed in claim 9 in 

which the assembly is elongated prior to the 
heat-treatment stage used to form the inter-
metallic compound. 

11. A method as claimed in claim 10 in 
which the elongation is carried out at 55 
elevated temperatures lower than the 
temperature of said heat treatment. 

12. A method as claimed in any one of 
claims 1 to 11 in which the remaining 
component or components is or are the 60 
more reactive metal(s) under the heat treat-
ment conditions. 

13. A method as claimed in any one of 
claims 1 to 12 in which the heat treatment to 
provide diffusion is carried out at such a 65 
temperature that none of the metals or 
constituents of the assembly is in the liquid 
phase. 

14. A method as claimed in claim 4 in 
which the heat treatment to provide 70 
diffusion is carried out at a temperature 
above the melting point of the alloy, the 
alloy being constrained by a solid 
component. 

15. A method as claimed in claim 4 in 75 
which the at least one component is in the 
form of at least one filament in a matrix of 
the alloy. 

16. A method as claimed in any one of the 
preceding claims in which additional 80 
stabilising non-superconductor material is 
located near the intermetallic compound. 

17. A method as claimed in claim 16 in 
which the superconductor is cabled with 
wires of stabilising metal. 85 

18. A method as claimed in any one of 
claims 1 to 17 in which the superconductor 
is reinforced with reinforcing filaments or 
by being cabled with reinforcing filaments. 

19. A method of manufacturing a super- 90 
conductor substantially as herein described 
with reference to the accompanying 
drawings. 

20. A superconductor when manufac-
tured by the method defined in any one of 95 
claims 1 to 19. 

R. C. SMITH, 
Agent for the Applicants. 

P r i n t e d f o r H e r M a j e s t y ' s S t a t i o n e r y Of f ice b y t h e C o u r i e r Press, L e a m i n g t o n Spa, 1976. 
P u b l i s h e d b y t h e P a t e n t Of f ice, 25 S o u t h a m p t o n B u i l d i n g s , London , W C 2 A 1 A Y , f r o m 

w h i c h copies m a y be ob ta ined . 
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