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(71) We, IMPERIAL METAL 
INDUSTRIES (KYNOCH) LIMITED, 
a British Company, of Kynoch Works, 
Witton, Birmingham B6 7BA, do hereby 

5 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 parti-
cularly described in and by the following 
statement: — 

10 This invention relates to superconductors, 
and methods of manufacture thereof. This 
invention may be of relevance to our co-
pending British Patent Application No. 
3936/71 (British Patent No. 1,341,726). _ 

15 By the present invention there is provided 
a method of manufacturing a superconductor 
comprising a superconductive intermetallic 
compound of at least two elements which 
includes the steps of producing a composite 

20 precursor comprising at least one filament 
of at least one of the elements, the at least 
one filament being embedded in a' matrix 
material comprising a support material and 
the remainder of the elements, coating the 

25 precursor with a material having a low self-
diffusing coefficient and insoluble in the 
matrix material, diffusing the remainder of 
the elements into the filament and reacting the 
elements together to form the intermetallic 

30 compound. 

The precursor may be spooled on to a 
former prior to the diffusion step. 

Preferably the material is removed from 
the precursor after the reaction. 

35 The material may be carbon and may be 
coated on to the precursor by coating the pre-
cursor with a compound decomposable in an 
inert atmosphere to form carbon, and heat-
ing the precursor in an inert atmosphere to 

40 decompose the compound to form the carbon 
in situ on the precursor. The compound pre-
ferably contains an excess of hydrogen. The 
compound may be polyvinyl acetate. The 
compound may be lanolin and the lanolin-

45 coated precursor may additionally be coated 
with a finely powdered refractory compound 
which may be alumino silicate. The super-
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conductive intermetallic compound may be 
Nb3Sn or V3Ga, and the support material 
may be copper, or silver. 50 

The material may be magnesium oxide, 
and may be coated on to the precursor by 
coating the precursor with magnesium 
hydroxide, and heating the precursor to evolve 
water and form magnesium oxide in situ on 55 
the precursor. The magnesium hydroxide may 
be coated on to the precursor by dipping the 
precursor into a suspension of magnesium 
hydroxide. 

The former may be a coil former, the 60 
coating being an insulant and the reacted coil 
being impregnated with a support medium 
after reaction. 

The material may be removed by brushing, 
and may be removed by passing the precursor 65 
between felt pads. 

By way of example, the present invention 
will now be described with reference to the 
manufacture of the intermetallic supercon-
ductor compound Nb:1Sn. This compound is 70 
selected because of its good superconductive 
properties as regards critical temperature and 
current-carrying capacity in high magnetic 
fields, but the principles of the invention 
apply to other intermetallic superconductor 75 
compounds. 

Accordingly there is manufactured a pre-
cursor comprising a plurality of niobium fila-
ments embedded in a low tin bronze (approxi-
mately 2—6 wt.% tin). The precursor is 80 
made by co-processing niobium and low tin 
bronze as for example described in British 
Patent Specifications 1,178,114, 1,178,115 
and 1,178,116. By choosing a bronze having 
a 2—6 wt.% tin, the mechanical properties, 85 
particularly the hardness, of the niobium and 
the bronze are compatible, and the composite 
may be readily co-processed. 

The precursor is then provided with tin 
as the second element of the eventual super- 90 
conductive intermetallic compound Nb:;Sn, 
by a technique in which the tin is coated in a 
number of layers on to the exterior surface of 
the bronze matrix. The bronze matrix is 
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homogenised by inward diffusion of tin from 
the coating and the tin is then diffused into 
the niobium filaments. There is subsequently 
carried out a reaction between at least some 

5 of the niobium of the nobium filaments and 
the tin to produce Nb::Sn. 

The homogeneous matrix consists of a 
copper-tin alloy which is a bronze. Bronze 
intermetallic compounds of copper and tin 

10 and stable in the temperature range 230— 
760'C for a bronze composition 18—99 
wt.°;, Sn, balance copper. However, it is 
desirable to avoid the formation of inter-
metallic copper-tin compounds because firstly 

15 they embrittle the bronze when randomly dis-
tributed therein, and secondly the niobium 
filaments may present surfaces suitable for 
heterogeneous nucleation of the compounds, 
whereupon there is the possibility that inter-

20 metallic compounds of niobium, copper and 
tin can form and thereby' inhibit the sub-
sequent formation of Nb-Sn. To avoid there 
difficulties, the precursor which comprises 61 
niobium filaments embedded in a copper wire 

25 having a diameter of 0.005 inch (0.125 mm) 
is wound on to a silica spool, and is immersed 
in an aqueous solution of stannous chloride 
and sodium hvdroxide for approximately 
50—60 hours. There is a deposition on the 

30 copper of tin due to the reduction by NaOH, 
and a layer of tin is electrolessly plated on to 
the strands of the precursor. The tin is plated 
out extremely evenly, and the thickness 
gradually builds up until it reaches a constant 

35 and substantially uniform thickness over the 
whole of the precursor's surface. For a pre-
cursor 0.005 inch in diameter (0.125 mm) 
and a Nb:Cu ratio of 4:1 , this produces an 
amount approximately equal to 1 wt.°', Sn 

40 compared to the copper in the original matrix-. 
The spool is then removed from the solution 
and is washed in distilled water and dried in 
air. 

The spool is then heated for approximately 
45 one minute at a temperature in the range 

700—800°C and at that temperature the tin 
diffuses a small wav into the bronze precursor 
for a distance sufficient to raise the surface 
melting point so that the next coating when 

50 diffused in, dees not cause excessive surface 
melting. Some of the tin from the bronze a'so 
diffuses into the niobium and forms a thin 
skin of a niobium tin compound around the 
filaments of niobium. This skin is imoervious 

55 to copper and prevents the copper diffusing 
into the niobium and subsequentiy contaminat-
ing the Nb.-.Sn which is eventually formed in 
the final heat treatment. 

The spool of precursor is ana in put into an 
60 aqueous stannous chloride sodium hvdroxide 

solution for 50 to 60 hours, washed, dried and 
further heat treated at 700—800° C for one 
minute. (Lower temperatures in the range 
400—700° C may be acceptable, or even pre-

65 ferable from a contamination point of view.) 

Up to five cycles are used starting with 
a 5 wt.% Sn bronze, so that the final com-
position of the bronze is in the order of 
10 wt. 's Sn. The precursor is then unwound 
from the spool, pas:ed through a bath of 70 
molten polyvinyl acetate (pva), and through 
a die to remove the excess pva, as is normal 
in wire insulation. The pva is then allowed to 
harden and the precursor is then respooled on 
to a further silica spool, and is heated to 75 
450—800°C in an inert atmosphere, at which 
temperature the pva is decomposed to form 
carbon and gaseous products, which carbon is 
left adhering to the precursor, and insulates 
each of the strands from each other. 80 

Pva has a general formula 

(CH>COOCH: CH)U 

and it can be seen that there is an excess of 
carbon and hydrogen over the amount of 
oxygen present. On heating, carbon dioxide 85 
monoxide and water are evolved, together 
with hydrogen, which acts as a reducing agent 
to prevent oxidation of the precursor. Also 
evolved is carbon which is deposited in situ 
cn the precursor. 90 

Alternatively, the precursor is pas:ei 
through a bath containing magnesium 
hydroxide slurry. The precursor is then dried 
and heated. Steam is evolved and magnesium 
oxide is deposited on the precursor. 95 

Both carbon and MgO have a very low 
self-diffusion coefficient, i.e. are materials 
which do not bond to themselves in sub-
sequent heating. Additionally, both carbon 
and MgO are almost completely insoluble in 100 
the metal of the precursor, which means that 
the eventual Nb;:Sn filaments are not con-
taminated by the carbon or the MgO. 

The respooled precursor is then heated to 
a temperature in the range 770—820°C (the 105 
lower temperatures corresponding to a higher 
tin content) for 90 hours, so that the tin 
diffuses into the niobium, and forms Nb:,Sn. 
The niobium filaments are approximately 
5 microns in diameter, and are almost entirely 110 
converted into Nb:iSn. 

It has been found that using a low tin 
bronze can have advantages over using pure 
copper as the starting point for the precursor, 
in that, as explained above, copper con- 115 
tamination of the niobium is reduced by the 
formation of the thin niobium tin compound 
around the niobium filaments. As the critical 
current falls off dramatically at higher fields 
with even quite low concentrations of copper 120 
in the Nb Sn, then this difference is very 
important. 

It will be appreciated that the niobium 
filaments may be twisted initially so as to 
reduce flux degradation in the fiual product 125 
when in use. 

Once the final heat treatment is completed, 
the conductor is unwound from the spool, 
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the carbon or MgO deposits are removed by 
passing the wire through felt pads which 
brush off the non-adherent carbon deposit to 
give a final product. 

5 The reacted conductor is normally wound 
into coils for use as an electro-magnet. How-
ever, the property of non-attraction can be 
used, in certain cases to form a coil in a 
single operation. The coated precursor is 

10 wound into a coil and reacted, the insulant 
staying in position to prevent welding between 
the turns and also acting as an electrical 
insulant. This is only usable in cases where the 
diffusion barrier is also an electrical insulant. 

15 The coil is then impregnated to hold the turns 
in position. 

One particular combination of material 
which has been found to be particularly suit-
able is a lanolin/alumino silicate mixture. 

20 Lanolin is a solid grease-like material which 
melts to form a very fluid liquid which is 
solid at room temperature. The loosely 
spooled precursor can be located in a bath 
of molten lanolin and removed so that a layer 

25 of lanolin solid is positioned on the surface of 
the precursor. The wire is then coated with 
very fine alumino silicate powder by passing 
it through a heap of powder. When the coated 
wire is recoiled, the small powder particles 

30 physically separate the strands of the wire. On 
subsequent heat treatment, the particles again 
separate the wire as does the layer of carbon 
formed by oxidation of the lanolin during the 
heat treatment stage. 

35 Although Nb3Sn has been used in the 
specific example, it will be appreciated that 
the method is applicable to other intermetallic 
systems prepared by the same general route, 
and which need to be heated whilst on a spool 

40 for a reaction to occur to form the compound. 

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

conductor comprising a superconductive inter-
metallic compound of at least two elements 

45 which includes the steps of producing a com-
posite precursor comprising at least one fila-
ment of at least one of the elements, the at 
least one filament being embedded in a matrix 
material comprising a support material and 

50 the remainder of the elements, coating the 
precursor with a material having a low self-
diffusion coefficient and insoluble in the 
matrix material, diffusing the remainder of 
the elements into the filament and reacting the 

55 elements together to form the intermetallic 
compound. 

2. A method as claimed in claim 1 in which 
the precursor is spooled on to a former prior 
to the diffusion step. 

3. A method as claimed in claim 1 or claim 60 
2 in which the material is removed from the 
precursor after the reaction. 

4. A method as claimed in claims 1, 2 or 3 
in which the material is carbon. 

5. A method as claimed in claim 4 in which 65 
the carbon is coated on to the precursor by 
coating the precursor with a compound de-
composable in an inert atmosphere to form 
carbon, and heating the precursor in an inert 
atmosphere to decompose the compound and 70 
form the carbon in situ on the precursor. 

6. A method as claimed in claim 5 in which 
the compound is polyvinyl acetate. 

7. A method as claimed in claim 5 in which 
the compound is lanolin. 75 

8. A method as claimed in claim 7 in which 
the lanolin coated precursor is additionally 
coated with a finely powdered refractory com-
pound. 

9. A method as claimed in claim 8 in which 80 
the finely powdered refractory compound is 
alumino silicate. 

10. A method as claimed in claims 1, 2 or 
3 in which the material is magnesium oxide. 

11. A method as claimed in claim 10 in 85 
which the magnesium oxide is coated on to 
the precursor by coating the precursor with 
magnesium hydroxide and heating the pre-
cursor to evolve water and form magnesium 
oxide in situ on the precursor. 90 

12. A method as claimed in claim 11 in 
which the magnesium hydroxide is coated on 
to the precursor by dipping the precursor 
into a suspension of magnesium hydroxide. 

13. A method as claimed in claim 3 in 95 
which the material is removed by brushing or 
by passing the precursor between felt pads. 

14. A method as claimed in claim 2 in 
which the former is a coil former, the coating 
material being an insulant and the reacted 100 
coil being impregnated with a support medium 
after reaction. 

15. A method as claimed in any one of 
claims 1 to 14 in which the superconductive 
intermetallic compound is Nb3Sn and the sup- 105 
port material is copper or silver. 

16. A method as claimed in any one of 
claims 1 to 14 in which the superconductive 
compound is V?.Ga, and the support material 
is copper or silver. 110 

17. A method substantially as herein des-
cribed. 

18. A superconductor when manufactured 
according to a method as claimed in any one 
of claims 1 to 17. 115 

M. A. KERR, 
Agent for the Applicants, 
Chartered Patent Agent. 
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