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[57] ABSTRACT 
A method of making stabilized superconductors of a 
composition such as Nb3Sn is disclosed. The method 
includes forming a stock product comprising a tin base 
alloy as a core with a copper jacket and having a nio-
bium tube clad thereon. The stock product is then em-
bedded in a good thermally and electrically conducting 
matrix which is then coreduced until the desired size is 
obtained. This cold worked product is then submitted to 
a heat treatment to form superconductors of Nb3Sn. 

10 Claims, 4 Drawing Figures 
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METHOD OF FABRICATING COMPOSITE 
SUPERCONDUCTORS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
This invention relates generally to methods of fabri-

cating stabilized composite superconductors such as 
Nb3Sn. 

2. Description of Prior Art 10 
In order to make stable superconductors for use in 

solenoids to generate magnetic fields of high intensity, 
the common practice consists in juxtapositioning the 
superconductors with a non-superconductive support 
of very good heat and electrical conductivity and to 15 
effect a close thermal contact therebetween. For mak-
ing composite superconductors of intermetallic compo-
sition, crystallizing according to the A 15 structure, 
particularly such as Nb3Sn, a niobium tubular sheath 
containing a copper-tin solid solution alloy is embedded 20 
in a copper matrix having high conductivity. After this 
structure is coreduced to the desired size, it is wire-
drawn and subjected to a heat treatment, causing a 
diffusion-reaction for forming Nb3Sn. 

Disadvantages of the conventional methods are as 25 
follows. In the conventional core containing tin-copper 
alloys, more than 80 atomic percent tin is used, but the 
differences in mechanical properties between niobium 
and the tin-copper alloy are so great (for example, the 
hardness of niobium is Hv = 180 compared with Hv = 30 
15 for the tin-copper alloy) that non-uniformities in the 
niobium sheath often cause breakage so that fabrication 
difficulties occur and the size of the final product is 
limited. As another example, in a tin-copper alloy con-
taining about 7 to 80 atomic percent tin, the lack of 35 
ductility causes the alloy to turn into powder-like grains 
inside the niobium sheath and also leads to breakage. As 
a result tin-copper alloys containing more than 7 atomic 
percent tin are very difficult to fabricate. Hence, cop-
per-tin alloys containing less than 7 atomic percent tin 40 
(bronze) are normally used to make Nb3Sn supercon-
ductors by means of a solid-diffusion process. 

Composites consisting of a copper-tin alloy contain-
ing less than 7 atomic percent tin can be reduced by 
cold working since these alloys have ductility to a cer- 45 
tain extent. However, work-hardening of the alloy is so 
great that only about 50% reduction in area is possible 
in cold working. Hence in practice, the process of pro-
ducing a usable conductor involves numerous repeated 
working and heat treatment stages. 50 

Another difficulty of using a copper-tin alloy contain-
ing more than 25 atomic percent tin is in the reaction 
involving tin and niobium to form Nb3Sn. The Nb3Sn 
formed from the reaction between the copper-tin alloy 
and niobium has layers of irregularities, including some 55 
Nb3Sn islands dissolved in the copper-tin alloy, and 
contains discontinuities along the length of the product 
since the copper-tin alloy takes the liquid state at the 
reaction temperature required to form Nb3Sn (700° -
900° C). 60 

SUMMARY OF THE INVENTION 
It is accordingly one object of this invention to pro-

vide an improved method for fabricating a composite 
stabilized superconductor of the A 15 type, for example 65 
Nb3Sn, which can carry a high critical current density 
in an economical manner without a need for any inter-
mittent heat treatment. 

Briefly, according to the present invention, these and 
other objects of the invention are achieved by contact-
ing one side of a niobium element with a tin based alloy 
through a copper layer and the other side with a highly 
conductive metal, such as copper or aluminum. The 
resulting composite product is coreduced to the desired 
size by drawing or rolling, and then submitted to a heat 
treatment causing tin to diffuse out of the tin based alloy 
into the copper, forming a copper-tin alloy which then 
brings about a reaction between niobium and tin to form 
an intermetallic superconductive composition. 

The above and further advantages and objects of this 
invention will become more apparent from the ensuing 
detailed specification including several exemplary em-
bodiments when taken in conjunction with the draw-
ings. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a schematic perspective view of one em-

bodiment a composite structure according to the inven-
tion; 

FIG. 2 is a partial cross-sectional schematic view of 
multi-filamentary composite conductor formed of prod-
ucts as shown in FIG. 1; 

FIG. 3 is a schematic perspective view of one em-
bodiment of a composite tape or ribbon according to the 
invention; and, 

FIG. 4 is a partial cross-sectional schematic view 
similar to FIG. 2 but showing another embodiment of a 
composite conductor formed in accordance with the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As a first step in the method according to the inven-
tion for making, for example, a stabilized mono-filamen-
tary Nb3Sn superconductor, there is formed a compos-
ite structure comprising a tin based alloy core sheathed 
with copper and a niobium tube jacketed with a ductile 
material having good thermal and electrical conductiv-
ity, in which the tin based alloy and the niobium tube 
are arranged coaxially with respect to one another. 
Above mentioned the tin based alloy is made of tin and 
other elements, such as Zn, Si, Sb, Pb, Al, Cu, Ga and 
Ge. These elements are added to strengthen the tin, 
although ductility or elongation of the alloy is prefer-
ably maintained above 20%. Hence, the concentration 
of these elements in the tin is preferably somewhat lim-
ited. From these considerations an optimum concentra-
tion is chosen of, for example, 15 atomic % Zn and 8 
atomic % Cu for Sn-Zn and Sn-Cu alloys, respectively. 

Referring now to the structure illustrated in FIG. 1, a 
stock product 1 is shown, made of a tin based alloy core 
2 surrounded by a copper jacket 3 and further sur-
rounded by a niobium tube 4 and an outer copper jacket 
5 formed of a copper or aluminum matrix which has 
good electrical and thermal conductivity. 

The stock product 1 is subsequently submitted to a 
wire-drawing step to provide a good mechanical 
contact between the constituent elements, such as the 
copper jacket 3 and the niobium tube 4, and between the 
copper jacket 3 and the tin-copper alloy core 2, and to 
obtain a compact wire-drawn product having the de-
sired diameter. 

According to this invention, stabilized multi-filamen-
tary superconductors may be made from a stock prod-
uct as shown in FIG. 1. In their manufacture, a plurality 
of shock products 1 resulting from the above-described 



4,043, 
3 

manufacturing steps are assembled into a copper matrix 
7 to form a multi-filamentary composite 6 which is 
thereafter submitted to a wire-drawing operation to 
obtain a compact assembly wherein a close contact 
exists between each individual outer copper jacket 5 5 
and the copper matrix 7 as shown in FIG. 2. 

It is noted that the niobium tube 4 may be used as the 
materal alloyed with other elements, such as zirconium, 
for improving the critical current density of Nb3Sn. 

The stock product 1 may be subjected to an optional 1 0 

rolling operation to transform the product to the form 
of a compact roller ribbon 8 as shown in FIG. 3. 

The stock product may also be comprised, as shown 
in FIG. 4, of a copper core 11 clad with a niobium tube 
12 which is in turn surrounded by a copper jacket 13. A 1 5 

tin-copper alloy tube 14 surrounds the copper jacket 
and is surrounded by a further tube 15 of a material such 
as aluminum or copper having good electrical and ther-
mal conductivity. The resulting stock product 1' is em-
bedded in a matrix 7 which is preferably substantially 2 0 

the same as that pf FIG. 2. Thus a multifilamentary 
composite structure 9 is formed which is similar to the 
structure 6 of FIG. 2. 

Subsequent to the above-described wire-drawing op- 2 5 
eration and the optional rolling operation, the product is 
submitted to a heat treatment which causes tin to diffuse 
out of the tin base alloy into the copper to form a cop-
per-tin alloy and transforms the niobium into supercon-
ducting NbjSn by a reaction with tin at the interface 3Q 
between the niobium and the copper. The heat treat-
ment comprises a heating of the product for a duration 
of from 2 hours to 100 hours at a temperature in the 
range from 600" - 750° C. 

The copper jacket 3 may be alloyed with other ele- 3 5 
ments, such as nickel, for improving the critical current 
density of Nb3Sn. 

Considering the manufactured superconductor, the 
copper jacket 3 which separates the niobium tube 4 and 
tin alloy core 2 serves to reduce the stepwise difference qq 
in the mechanical properties between the two and thus 
makes drawing and rolling processes practical. The 
presence of the copper jacket 3 is essential to obtain 
successful milti-filamentary Nb3Sn superconductors as 
small as 10p,m outer diameter. Moreover, copper plays 45 
a catalytic role in the formation of Nb3Sn, allowing a 
reduction in the reaction temperature from 800° - 900° 
C (for the niobium-tin reaction) to 600° - 750° C for the 
present invention, and also reduces the required reac-
tion time. 50 

Use of a tin based alloy beside the copper and niobium 
with the specific geometrical configuration used ac-
cording to this invention does not require any intermit-
tent heat treatment between cold working processes. 
Hence, the manufacturing time and cost are greatly 55 
reduced compared to conventional methods. 

The average concentration of a copper-tin alloy 
which forms at the initial stage of the heat treatment can 
be easily controlled by controlling the tin concentration 
of the tin base alloy and the wall thickness of the copper 60 
jacket. The critical current density of Nb3Sn is known 
to increase with the tin concentration in the copper-tin 
alloy which reacts with niobium. However, it has not 
previously been possible to produce a composite of 
niobium with concentrations of more than 7 atomic 65 
percent Sn alloy because of the difficulty in mechanical 
working as mentioned previously. This invention pro-
vides a method to overcome this difficulty and also has 
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the advantages of offering Nb3Sn conductors with high 
critical current densities. 

The critcal current density of Nb3Sn varies in general 
with the thickness of the Nb3Sn layer formed by the 
diffusion-reaction processes. The thicker the Nb3Sn 
layer, the lower the critical current density. According 
to this invention, however, a thick Nb3Sn layer can be 
obtained with a higher critical current density com-
pared to those obtained by conventional methods. For 
example, a niobium tube with 4 /«n wall thickness forms 
a 2 jum thick Nb3Sn layer after heat treatment at 700° C 
for 25 hours and carries a critical current density, 
2X 106A/cm2at 4 tesla. As a further example, a niobium 
tube with large inner diameter and wall thickness forms 
a 9.5 pun thick Nb3Sn layer after heat treatment at 700° 
C for 100 hours. 

Nb3Sn formed by conventional methods has only a 
3.5 fim thick layer after heat treatment at 700° C for 100 
hours and carries a critical current density of only 
4X105 A/cm2 . Hence, the advantages of using a tin base 
alloy are apparent for the formation of Nb3Sn with 
copper as a catalyst. 

The reaction between niobium and tin may be con-
trolled by the thickness of the copper jacket and tin 
concentrations of the tin base alloy. During the reaction 
treatment, tin diffuses into the copper jacket to form a 
tin-copper alloy. By keeping the tin concentration in the 
alloy below 25 atomic percent, a uniform layer of 
Nb3Sn can be obtained. 

According to this invention, tin is confined inside 
niobium barriers throughout the whole fabrication pro-
cesses. Since the copper matrix surrounding the nio-
bium tubes is not contaminated by diffusion of tin, elec-
trical and thermal conductivity of the copper matrix is 
kept high. The Nb3Sn conductor produced by this 
method is stabilized against flux jumps and its coil per-
formance to produce high magnetic fields is satisfactory 
as expected from testing short samples. 

The unreacted outer layer of niobium serves to re-
duce losses when the conductor is operated with alter-
nating current. 

Obviously, many modifications and variations Of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that the pre-
sent invention may be practiced otherwise than as spe-
cifically described. 

1. A method of fabricating composite superconduc-
tors comprising the steps of: 

forming a stock product comprising a tin based alloy 
core surrounded by a copper jacket which is clad-
ded with a niobium tube; 

embedding at least one of said stock products in a 
good thermal and electrical matrix in order to make 
a composite structure; 

coreducing said composite structure until a desired 
size is obtained; and, 

submitting said coreduced composite structure to a 
heat treatment. 

2. A method as in claim 1 in which said step of submit-
ting includes the step of: 

heat treating said composite structure at a tempera-
ture in the range from 600° to 750° C for a period of 
between 2 and 100 hours. 

3. A method as in claim 1 further comprising the step 
of: 

selecting said core as a tin based alloy with at least 
one element selected from the group consisting of 
Zn, Si, Sb, Pb, Al, Cu, Ga and Ge. 



4,043,028 

4. A method as in claim 1 further comprising the step 
of: alloying said copper jacket with nickel. 

5. A method in claim 1 further comprising the step of: 
alloying said niobium tube with zirconium. 

6. A method as in claim 1 further comprising the step 5 

of: rolling said stock product into a ribbon. 
7. A method of forming a composite superconductor, 

comprising the steps of: 
fabricating a stock product comprising a core selected iq 

from the group consisting of copper, aluminum and 
copper aluminum alloy clad with niobium which is 
surrounded with a copper jacket, 

surrounding said copper jacket with a tin-copper 
alloy; and, 

embedding at least one of said stock products in a 
matrix material having good theraml and electrical 
conductivity. 

8. A method as in claim 7, further comprising the step 
of: selecting copper as the material of said core. 

9. A method as in claim 7, further comprising the step 
of: selecting aluminum as the material of said core. 

10. A method as in claim 7, further comprising the 
step of: selecting coppcr-aluminum alloy as the material 
of said core. 

* * * * * 
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