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(54) Making Superconductors 

(57) A method of producing composite 
rod or wire of increased strength and 
fineness wherein the composite is 
formed by reducing a lamina of two 
metals which have been rolled to form a 
cylindrical billet wherein one of the 
metals is in expanded form. The com-
posite produced can be encased in 
copper and fabricated to produce a 
superconductor. Alloys contemplated 
for producing superconductors are 
Nb3Sn, Nb3Ga, Nb3Ge, (\lb3Si, Nb-Ti, 
V3Ga, V3Si, V3Sn V3AI, and V3Ge lamin-
ated on bronze, Al, Cu, Ta, or combina-
tions thereof. 
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SPECIFICATION 

Composite construction process and superconductor produced thereby 

5This invention relates to a method of producing composites capable of being used as superconductors. More 5 
specifically, it deals with wires composed of extremely fine filaments of electroconductive metals, 
preferably, niobium, vanadium or alloys thereof and production of the same. 

In the past, composites for the production of rods, cables, or wires were produced by laminating the 
metals or combining them in some way and subsequently fabricating them to final dimensions. 

10 Superconductors of niobium alloys have been produced in this way but with various drawbacks. 10 
As an example, methods of producing niobium-tin alloy wire having fine continuous filaments have been 

costly and unreliable because niobium rods are used for forming the conductor filaments. The rods typically 
have dimensions of 1/8 inch (about 3 mm) diameter or larger, requiring a considerable reduction in diameter 
to produce a wire with one micron diameter filaments. The wires are usually produced by placing the 

15 niobium rods in a bronze billet and extruding the billet several times to reach a certain size filament from the 15 
niobium rod. The resulting wire then is bundled with other wires and again extruded. In a diffusion process 
whereby the tin in the bronze is diffused into the niobium, large Kirkendall voids are produced in the bronze 
when the niobium filaments are of relatively large dimensions, typically over 10 microns. Large Kirkendall 
voids are detrimental to the wire. 

20 Further, since the wires produced by these prior art processes are composed of individual and separate 20 
filaments and are extruded frm such a large diameter to such a small diameter, the filaments tend to break 
during the fabrication process. When individual filaments break, they cause a weakening of the bulk wire and 
eventually can cause the wire to break, thereby decreasing the yield of usable product. 

In conventional processes, it is necessary to fabricate the wire billets by multiple extrusions and to achieve 
25 the final dimensions by drawing the wire through dies. Each of the extrusions is very hard on the filaments 25 

and is also very expensive to perform. It is, therefore, desirable that there be found another method of 
producing composites capable of being fabricated to form wires having fine niobium alloy filaments which 
are free of the detriments of past processes, i.e., expense and filament breakage. 

In accordance with the present invention, it has been found that metal composites of greater strength may 
30 be produced by having one layer of the composite in expanded form. Wires of extremely fine size containing 30 

niobium, vanadium and alloys thereof are formed in a single extrusion with less breakage and greater 
strength by using niobium or vanadium in the form of expanded metal. The wires have super-conducting 
properties. 

The niobium or vanadium, either in elemental or alloy form, is expanded and laminated onto a backing 
35 material, which may be formed of copper, aluminum, tantalum, bronze or combinations thereof, the 35 

resulting laminate is rolled into a cylinder, and the cylinder, which may be provided with an outer cladding, is 
fabricated into wires. 0 

When the niobium or vanadium is used in alloy form, the alloy may, for example, be Nb3Sn, Nb3Ga, 
Nb3Ge, Nb3Si, NbTi, V3Ga, V3Si, V3Sn, V3AI or V3Ge. In addition, alloys of this type may be formed from the 

40 components of the composite by diffusion of backing material into the expanded metal layer. 40 
The method of this invention is useful for making stronger electrical conduits which are not only strong in 

use, but, more importantly, strong enough to withstand fabrication into various forms, such as rods, cables, 
wires, etc., which may have several filaments contained therein. This is made possible by using the 
electroconductive metal or alloy in an expanded form, laminating the expanded metal or alloy to another 

» 45 metal and fabricating the laminate into final form. 45 
It has been found that many of the problems of the prior art procedures of producing composites, 

particularly superconductor wires having fine filaments of niobium alloys, such as niobium-tin alloy, can be 
overcome by the method of the present invention, wherein expanded niobium metal is laminated to a metal 
backing and rolled to a cylindrical shape, as opposed to the fabricating or niobium rods. The use of the 

50 expanded metal has many advantages over prior processes, allowing a greatly increased versitality and 50 
composite design, much finer filaments with less reduction required, and a uniform conductor cross-section 
while still having the advantages of a single fine filament. Further, a long length conductor with fine 
conductor filaments can be produced at a much lower cost than prior art processes. These advantages result 
from the ability to use a finer starting material, requiring less reduction to achieve even finer filaments than 

55 prior methods. Because the starting size of the conductor is fine, final dimensions of the superconductor can 55 
be sufficiently fine to allow for short diffusion reaction times, thereby decreasing the possibility of Kirkendall 
void formation and utilizing the ductile characteristics of extremely fine filaments of the brittle niobium-tin 
alloy. 

The conductor produced by this invention has improved resistance to property degradation associated 
60 with tensile strain, resulting from the use of a mesh configuration. If one of the filaments breaks, there is still 60 

connection with the rest of the filaments in the expanded metal and hence the stresses are distributed to the 
other supporting filaments. In this way, all of the filaments act in coordination as if they were a single 
filament, thereby minimizing the threat of breakage and enabling the production of long unbroken lengths, 
which are extremely difficult to achieve using present-day methods. 

65 The invention is described further, by way of illustration, with reference to the accompanying drawings, in 65 
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whfch: 
Figure 1 discloses a cross-sectional view of a lamina consisting of a solid metal layer and an expanded 

metal layer; 
Figure 2 discloses a cross-sectional of a billet of the lamina of Figure 1 rolled from the lamina of Figure 1 

5 around a copper rod and clad in copper; and 5 
Figure 3 discloses a top view of Figure 1 showing the expanded metal layer overlaying the solid metal 

layer. 
In accordance with the present invention, wires can be produced by taking a lamina as shown in Figures 1 

and 2, wherein a bronze layer T is layered with a layer of expanded niobium metal 2. The bronze layer is used 
10 to supply tin to the niobium by diffusion to form Nb3Sn. This method has desirable reaction kinetics for the 10 

solid state diffusion reaction since it is more difficult for the tin to be placed on the niobium and achieve the 
same. The bronze is of standard specification and usually contains from 10 to 13% tin. 

The lamina 4 is wound around a copper rod 3 to form a cylinder and is subsequently clad with an outer 
layer of copper 4, therebyforming a billet having the cross-sectional construction shown in Figure 2. The 

15 copper cladding 5 is helpful in facilitating fabrication, making it easy to drawthe wire, and provides 15 
cryogenic stability with high thermal conductivity. The resulting billet then can be reduced and drawn into 
any desired cross-sectional shape, i.e. round, square, elliptical, orflat. 

The expanded metal layer 2 can be vanadium, niobium, or niobium-titanium alloy. The other metal layer 1 
may be formed of aluminum, copper, tantalum or bronze, and may contain a metal to be alloyed with the 

20 niobium or vanadium, such as gallium, germanium, tin or silicon. The thicknesses and other qualities of both 20 
metals depend on the end product desired. 

In the specific example illustrated, the expanded niobium metal layer 2 can be of any thickness as can be 
the bronze layer 1. It is desirable to achieve in the lamina before rolling a ratio of bronze to niobium by 
volume ofthree to one, respectively, by suitable choice of layer thicknesses. The expanded metal usually has 

25 a thickness of from 0.001 to 0.06 inch (0.25 to 1.5 mm), preferably as low as 0.005 to 0.015 inch (0.13 to 0.4 25 
mm). The billetformed from the lamina is extruded and subsequently drawn. It is possible in the method of 
the current state of the art, to rebundlewire produced by this method to produce ultimately wires having 
finer filament and more numerous filaments by a subsequent reduction and drawing. The copper 
surrounding the billet should be of sufficientthrckness as not to break down and expose the composite 

30 elementsto the surface and to maintain integrity through the reducing and drawing operations. Because of 30 
the better qualities of starting with an expanded niobium metal layer, it is possible to go through the 
reducing steps with much greater yield than present day processes. 

The invention is illustrated further by the following Example. 

35 Example 35 
A billet was constructed with the dimensions 2.375 inch (6.03 cm) outside diameter by 6 inches (15.2 cm) 

long and having a composite of expanded niobium on bronze wrapped around a copper rod and clad with a 
copper casing. The biflet contained approximately 8% Nb by cross-section and was fabricated to 0.020 inch 
(0.05 cm) diameter continuous wire by conventional methods and reacted by conventional methods 

40 (annealing at 600°C). 40 
The critical temperature, i.e., the temperature at which the wire exhibited zero resistance to current flow 

and hence the temperature at which the wire became superconducting, was determined and compared with 
the known critical temperature for pure niobium. In addition, the wire was subjected to heat treatment at 
800°Cfor 15 minutes and the critical temperature again determined. The results are reproduced in the 

45 following Table: 45 
TABLE 

Sample Critical Temperature 

50 Pure niobium 9°K 50 
Wire (no heat treatment) 11 °K 
Wire (with heat treatment) 17.6°K 

The results of the above Table shows that an improved (i.e., higher) critical temperature is attained with 
55 respectto pure niobium without heattreatment and much improved critical temperature is attained by a final 55 

heat treatment to effect diffusion of tin into the niobium from the bronze to promote alloy formation. 
As stated above, the alloying elements are usually contained in or on the solid metal layer which is 

laminated to the niobium or vanadium expanded metal. An exception to this is niobium-titanium alloy, 
which is capable of being formed as a master alloy and fabricated into an expanded metal layer. The alloying 

60 elements, such as gallium, germanium, tin, etc., are more capable of being alloyed wih the vanadium or 60 
niobium by means of diffusion from the lamina layer. As can be seen from the above, these alloys are all 
capable of being substituted for the niobium, tin, or bronze of the specific example. 

Modifications are possible within the scope of the invention. 
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CLAIMS 

1. A method of producing a composite of two metals, which comprises forming a lamina of the two 
metals wherein one metal is in expanded form, rolling the lamina to form a cylindrical coiled billet, and 

5 fabricating the billet to form an elongated product. 5 
2. A method as claimed in claim 1, in which the elongated product has a round, square, elliptical or flat 

cross-section. 
3. A method as claimed in claim 2, in which the elongated product is further drawn to form a wire. 
4. A method as claimed in any one of claims 1 to 3, in which the composite is a superconductorformed 

10 from an alloy of a niobium or vanadium in expanded form and a metal which is bronze, copper, aluminum or 10 
tantalum, and the billet is formed by coiling the lamina around a copper rod and cladding the billet in copper, 
and the fabricating is effected by extrusion and drawing. 

5. A method as claimed in claim 4, in which the billet is drawn to form a wire, the wire is combined with 
other similarly-drawn wires, and the combined wires are drawn to form a wire. 

15 6. A method as claimed in claim 4 or 5, in which the niobium or vanadium alloy is formed by diffusion of 15 
the alloying element which is tin, gallium, germanium or silicon from a solid metal layer into an expanded 
metal layer during fabrication. 

7. A method of producing a composite of two metals substantially as hereinbefore described with 
reference to, and as illustrated in, the accompanying drawings. 

20 8. A method of producing a composite of two metals substantially as hereinbefore described with 20 
reference to the Example. 

9. A composite of two metals whenever produced by a method as claimed in anyone of claims 1 to 8. 
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