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[57] ABSTRACT 

A process for producing a superconductor wire by: 
A. coating the inner surface of a steel tube with a thin 

layer of silver metal; 
B. pacln'ng the tube with high temperature superconductor 

ceramic (HTSC) powder; 
C. sealing the tube; 
D. cold working the tube to reduce its diameter; 
E. etching or dissolving away the steel tube to leave a 

superconductor wire comprising the silver metal coat 
ing that was on the inner surface of the steel tube as a 
thin silver metal sheath which encapsulates the HTSC 
powder. 

The superconductor wire can be further treated by sintering 
or oxygenating the HTSC powder. 

18 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory 
invention registration. For more speci?c information on 
the rights associated with a statutory invention registra 
tion see 35 U.S.C. 157. 
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METHOD OF PRODUCING HIGH 
TEMPERATURE SUPERCONDUCTOR 

WIRES 

BACKGROUND OF THE INVENTION 

This invention relates to superconductors and more par 
ticularly to high temperature superconductors. 
The oxide powder-in-tube (OPlT) method has become a 

standard fabrication route for high temperature supercon 
ductor wires. In this method. a suitable metal tube is cleaned 
and sealed at one end by swaging or crimping and soldering. 
The tube is ?lled with the superconductor powder and 
similarly sealed at its other end. The tube then is swaged 
through successive dies to small diameter. Subsequent heat 
treatment often is required to impart the desired current 
transport properties. The heat treatment both sinters the 
compacted powder particles and restores the oxygen content 
necessary to achieve current transport conditions. It is pref 
erable to use a pure silver (or gold) tube in the swaging 
operation to avoid adverse thermal reaction in the subse 
quent heat treatment. In practice. however. noble metals do 
not possess the strength required for extensive swaging. 
Thick Walled silver tubes must be used. This limits the 
available superconductor material cross section especially in 
a mnltifilament cable. 

SUMMARY OF THE INVENTION 

Accordingly an object of this invention is to provide a 
superconductor wire having a very thin silver metal sheath 
encasing a high temperature superconductor ceramic mate 
rial. 

Another object of this invention is to provide a new 
method for producing superconductor wires. 
A further object of this invention is to provide a method 

of producing high temperature superconductor ceramic 
wires encased in very thin silver metal walls. 

‘These and other objects of this invention are provide by 
a method wherein the inner surface of a steel tube is coated 
with a layer silver metal. and then the tube is packed with a 
high temperature superconductor ceramic powder and 
sealed. Then the outer diameter of the tube is reduced by 
cold working (e.g. cold swaging). Finally. the steel tube is 
etched or dissolved away. leaving the silver metal coating 
that was originally on the inner surface of the steel tube as 
a thin silver metal sheath that encases or encapsulates the 
high temperature superconductor ceramic (HTSC) powder. 
The HTSC powder can then be sintered (without pressure or 
pressing) at temperatures up to about 930° C. The oxygen 
content of the HTSC can increased by conventional means 
such as heating the wire in oxygen at a temperature of from 
about 450° C. to about 700° C. The oxygen easily passes 
through the thin silver metal sheath. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention provides a new method of produc 
ing a high temperature superconductor ceramic (HTSC) Wire 
which comprises a HTSC core encapsulated in a thin silver 
metal sheath or tube. The method is a novel variation of the 
powder-in-tnbe tube process. 
A mild steel tube having a thin. uniform coating of silver 

metal on its inside surface is used in place of the conven 
tional solid silver metal tube. As a practical matter, the silver 
coating processes which are available coat the outside as 
well as the inside surfaces of the steel tube. However. only 
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the silver metal coating on the inside surface is important to 
the present invention. 
The preferred method of producing a thin silver coating 

on the inside surface of the steel tube uses molten AgN03. 
The steel tube is immersed in a bath of molten AgNO3 which 
is maintained at a temperature above the melting point (212° 
C.) but below the decomposition point (444° C.) of AgNO3. 
The steel tube is preferably preheated to a temperature in this 
range to prevent molten AgNO3 from either freezing out on 
to it or decomposing to silver metal. Alternatively. an 
unheated steel tube may be placed in the molten AgNO3 bath 
and kept there until it is warm enough that the molten 
AgNO3 remains liquid on it. ‘The molten AgNO3 coated steel 
is then removed from the bath. Due to the excellent wetting 
properties of molten AgNO3. a uniform coating of AgNO3 is 
formed on the surface of the steel tube. The tube is then 
heated to a temperature of preferably from above the decom 
position temperature of AgNO3 to about 700° C.. more 
preferably from 450° C. to 550° C.. and still more preferably 
from 450° C. to 500° C. to decompose the AgNO3 and form 
a uniform layer of silver metal on the surface of the steel 
tube. The molten AgNO3 coating and decomposition steps 
are repeated until the desired thickness of silver metal 
coating is achieved on the inner sm'face of the steel tube. 
Note that after each decomposition step the steel tube is 
cooled down into the range of from above the melting point 
but below the decomposition temperature of AgNO3 before 
it is put into the molten AgNO3 bath again. This is done to 
prevent the premature decomposition of AgNO3 to silver 
metal. 
As a result of the AgNO3 process. the steel tube may 

suffer some oxidation beneath the silver metal coating. This 
may be due to exposure at the AgNO3 decomposition 
temperature and possible chemical reaction. The oxide may 
not present a problem during the subsequent cold working 
(e.g. swaging) step because of the inherent ductility of silver 
metal. Nevertheless. it is preferable to reduce the oxide layu 
by heating the silver metal coated steel tube in a reducing 
atmosphere (for example, hydrogen gas) at a temperature of 
preferably ?-om 800° C. to 925° C. or more preferably from 
875° C. to 900° C. This reduction treatment results in a 
stronger bond between silver layer and the steel tube that 
should be bene?cial for uniform elongation of the silver 
metal sheath during swagiug. 

Alternative methods of producing a thin Ag coating on the 
inside of the small diameter steel tubes include standard 
electroplating and electroless deposition processes. Electro 
plating would require that a wire be placed concentrically 
within the tube along its length to act as counterelectrode for 
the plating. If the counterelectrode is not located in this 
con?guration. the steel tube will plate only on the outside 
due to its equipotential characteristic. This requirement 
renders quite dif?cult the electroplating of a long. small 
diameter mbe. Electroless deposition of Ag is a relatively 
new process. The required solutions are likely to be costly 
and somewhat trickey to use. In principal. however. the 
electroless process could be used to produce the coating with 
all other descriptions in this disclosure remaining 
unchanged. 
The next step of the process is to pack the high tempera 

ture superconductor ceramic (HTSC) powder into the silver 
metal coated steel tube and sealing the tube. Any conven 
tional powder-in-tube procedure may be used to do this. For 
instance one end of the tube may be sealed. The tube is then 
packed with the HTSC powder. and ?nally the other end of 
the tube is sealed. 
The present process may be used with any of the many 

HTSC powders that are known to be compatible with silver. 
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For example. it may be used with any HT SC powder that can 
be used in any powder-in-tube process using silver tubes. Or 
it may be used with any HT SC powder that has been coated 
or mixed with silver metal. For example. as taught in U.S. 
Pat. No. 4.988.673 yttrium (Y) based ceramic superconduc 
tors such as YBaZCuBOH, bismuth (Bi) based ceramic 
superconductors such as BimPbmSrCaCuuO, or thallium 
(Tl) based superconductors such as Tl2Ba2Ca2Cu3O7_x may 
be used. Superconductors of the formula MBa2Cu3Ox with 
x from about 6.5 to about 7.0 and M=Nd. Sm. Eu. Gd. Dy. 
Ho. Er. Tm. Yb. Lu. as well as Y which are disclosed in U.S. 
Pat. No. 4.866.031 may also be used. Again. this process 
may be used with any high temperature superconductor 
ceramic (HTSC) powder that is compatible with silver. 

Next. the sealed silver coated steel tube ?lled with high 
temperature superconductor (HTSC) powder is cold worked 
to reduce its inner diameter. The inner diameter of the silver 
coated steel tube determines the outer diameter the high 
temperature superconductor wire. For laboratory testing. the 
inner diameter of the steel tube is preferably reduced to from 
about $6 to about 1/20 and more preferably from l/io to 1/20 of 
its original inner diameter to produce a high temperature 
superconductor wire having an outer diameter of from about 
0.010 to about 0.030 inches. In manufacturing practice. a 
continuous die train would be employed to reduce the 
powder-in-tube to a ?nal wire size in approximately the 
above range. The size of the original powder-in-tube charge 
fed into the dies determines the producible continuous 
length of the superconductor wire product. In general. much 
larger initial diameters would be used in manufacturing to 
produce longer continuous wires. The preferred method of 
such reduction is through a sequence of conical convergent 
dies. together. perhaps. with a wire drawing sequence. 
However. any conventional method of reducing the diameter 
of a sealed metal tube by cold working can be used. 
The ?nal step of the procedure of this invention is to 

dissolve or etch away the steel tubing. This leaves the silver 
metal that coated the inner surface of the steel tube as a thin 
silver metal sheath enclosing the HTSC powder. The agent 
selected for this step must be capable of etching away the 
steel without chemically attacking the inner layer of silver. 
The preferred agent is concentrated hydrochloric acid which 
is inexpensive. readily available. and efficiently etches away 
the steel without attaching the silver metal. Note. silver 
metal was originally coated on to the outside surface as well 
as the inside surface of the steel tube. However. during the 
cold working (e.g.. swaging). the silver metal coating on the 
outside surfaces is abraded exposing the steel in many spots. 
The concentrated hydrochloric acid attacks the steel and 
these points and undermines the remaining outside coating 
of silver metal which ?akes away. If desired. the outer 
surface of the steel tube may be scraped, sanded. or ?led to 
remove more of the silver metal coating prior to the etching 
step. 
The thin silver metal sheathed HTSC wire may be further 

improved by conventional sintering (without pressure) and 
oxygenating steps. As R. W. MaCallum et al. state in 
“Problems in the Production of Y'Ba2Cu30x Supeconducting 
wire.” in Advanced Ceramic Materials volume 2. number 
313. July 1987. (special) supplementary issue on ceramic 
superconductors). pages 388-400. at 391. “Ag cladding can 
be heated to 930° C. without melting in 1 atm. 02”. Thus 
sinteting of the HTSC powders at temperatures up to about 
930° C. are possible. The sinter temperature will preferably 
be from about 800° C. to 930° C. and more preferably from 
850° to 900°. Because the silver sheath is thin. pressing 
should not be used in such sintering steps. Because oxygen 

10 

20 

25 

30 

35 

40 

45 

55 

65 

4 
readily passes through the thin silver metal sheath conven 
tional techniques of restoring the oxygen content of HTSC 
oxide powders (such as YBaZCu3OX) work well. For 
example heating the silver sheathed-HTSC wire in an oxy 
gen atmosphere at 450°—700° C. will work well to restore 
the oxygen content in the HTSC material. 

The general nature of the invention having been set forth. 
the following examples are presented as speci?c illustrations 
thereof. It will be understood that the invention is not limited 
to these speci?c examples but is susceptible to modi?cations 
that will be recognized by one of ordinary skill in the art. 

Athin layer of silver was deposited on the mild steel tubes 
by the AgNO3 decomposition process as in the manner 
described in US. Pat. No. 4.978.054. herein incorporated in 
its entirety by reference. and restated brie?y below: 
An appropriate quantity of AgNOB was placed in a shallow 

boat of stainless steel or high density alumina. The boat 
was heated on a hot plate through the AgNO3 melting 
temperature (~225° C.). Short lengths (~6") of small 
diameter (0.25 "-0.375“ O.D.) steel tube were cleaned and 
laid in the molten AgNO3 and transferred to a furnace at 
a temperature above the AgNOa decomposition tempera 
ture of 450° C. A pure silver metal coating was deposited 
on the steel tube. 

ECAMPLE l 

A 0.375 inch O.D. steel tube was coated with silver metal 
as described above. The steps were repeated about 15 times 
in order to build up a su?iciently thick coat of silver metal 
on the tube surface. The steel tube appeared to su?’er some 
oxidation beneath the silver metal coating due to exposure at 
the AgNOj decomposition tempmature and possible chemi 
cal reaction. Therefore. the silver metal coated steel tube was 
treated subsequently in H2 atmosphere at 900° C. in order to 
reduce the oxide layer. This appeared to provide an excellent 
Ag-steel bond. The silver metal thickness is about 100-150 
microns and contains no readily observable oxide under 
layer. The high temperature treatment might not be neces 
sary in the subsequent swaging operation due to the inherent 
ductility of silver metal. A stronger bond. however. between 
the steel tube and silver metal layer should be bene?cial for 
uniform elongation of the silver metal sheath during swag 
mg. 

EKAMPLE 2 

Several 0.25 inch O.D. steel tubes were coated with silver 
metal by the procedure described in example 1. The silver 
metal coated steel tubes were swaged and then soldered at 
one end to close and seal that end. The tube then was tamped 
full of high temperature superconductor powder. In this case. 
the BiSrCaCuO powder was used. however. virtually any 
such material could be substituted. The tube was sealed 
swaged through conical convergent dies to approximately ‘A 
of its original diameter. The steel outer tube then was etched 
away using concentrated hydrochloric acid (HCl). This acid 
was chosen because it does not attack the silver metal 
underlayer. 

‘The thin Ag sheath over the superconductor material 
formed a continuous, handleable wire. Under proper 
conditions. the swaged steel tube can be rolled into a tape 
prior to its removal. After proper heat treatment. such wires 
are capable of a high transport current (L). A JC of 13.000 
Amps/cm2 has been measured at 4.2 K in short segments. 
Performance at higher temperature is primarily dependent 
upon the phase purity of the superconductor core. In any 
case. however, the novel formation of a very thin continuous 
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Ag jacket is valuable in the fabrication of long high tem 
perature superconductor wires of uniform electrical proper 
ties. 
Numerous other modi?cations and variations of the 

present invention are possible in light of the foregoing 
teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be practiced 
otherwise than as speci?cally described. 
What is claimed is: 
1. A method of producing a superconductor wire com 

prising: 
A. coating the inside surface of a cylindrical steel tube 

with a layer of silver metal; 
B. packing the steel tube with a high temperature super 

conducting ceramic powder: 
C. sealing the steel tube; 
D. cold working the steel tube to reduce its inner diameter 

to the desired diameter of the superconductor wire; and 
E. etching or dissolving away the steel tube with hydro 

chloric acid to leave a superconductor wire comprising 
the silver metal coating that was on the inside surface 
of the steel tube as a thin silver sheath encapsulating the 
high temperature superconductor ceramic powder. 

2. The method of claim 1 wherein in step A the silver 
metal coating is formed on the inside surface of the steel 
tube by 

(1) coating the inside surface of the steel tube with molten 
AgNO3 at a temperature above the melting point of 
AgNO; but below the decomposition temperature of 
AgNOaZ 

(2) heating the steel tube and molten AgNO3 coating to a 
temperature from above the decomposition temperature 
of AgNO3 to about 700° C. to decompose the molten 
AgNO3 and form a uniform thin layer of silver metal. 

(3) repeating steps (1) and (2) until a uniform silver metal 
coating of the desired thickness is formed on the inside 
surface of the steel tube. 

3. The method of claim 2 wherein the decomposition 
temperature in step (2) is from 450° C. to 550° C. 

4. The method of claim 3 wherein the decomposition 
temperature in step (2) is from 450° C. to 500° C. 

5. The method of claim 1 wherein in step D the inner 
diameter of the steel tube is reduced to a size that is from 
about V2 to about V20 of the original inner diameter. 

6. The method of claim 5 wherein the inner diameter of 
the steel tube is reduced to a size that is from 1/10 to 1/20 of 
the original inner diameter. 
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7. The method of claim 1 wherein in step E the steel tube 

is etched away with concentrated hydrochloric acid. 
8. The process of claim 1 wherein after step E the 

following step F is added 
F. sintering the high temperature superconduaor ceramic 
powder in the thin silver metal sheathed superconduc 
tor wire produced in step E at a temperature of from 
about 800° C. to 930° C. 

9. The process of claim 8 wherein the sintering takes place 
in pure oxygen. 

10. The process of claim 8 wherein after the sintering step 
F the thin silver metal sheathed superconductor wire is 
heated at a temperature of from about 45 0° C. to about 700° 
C. in pure oxygen to restore the oxygen content of the high 
temperature superconductor ceramic material. 

11. The process of claim 1 wherein after step E the thin 
silver metal sheathed superconductor wire is heated at a 
temperature of from about 450° C. to about 700° C. in pure 
oxygen to restore the oxygen content of the high temperature 
superconductor ceramic material. 

12. The method of claim 2 wherein in step D the inner 
diameter of the steel tube is reduced to a size that is from 
about ‘A to about 1/20 of the original inner diameter. 

13. The method of claim 12 wherein the inner diameter of 
the steel tube is reduced to a size that is from 1/to to V20 of 
the original inner diameter. 

14. The method of claim 2 wherein in step E the steel tube 
is etched away with concentrated hydrochloric acid. 

15. The process of claim 2 wherein after step E the 
following step F is added 

F. sintering the high temperature superconductor ceramic 
powder in the thin silver metal sheathed superconduc 
tor wire produced in Step E at a temperature of from 
about 800° C. to 930° C. 

16. The process of claim 15 wherein the sintering takes 
place in pure oxygen. 

17. The process of claim 15 wherein after the sintering 
step F the thin silver metal sheathed superconductor wire is 
heated at a temperature of from about 450° C. to about 700° 
C. in pure oxygen to restore the oxygen content of the high 
temperature superconductor ceramic material. 

18. The process of claim 2 wherein after step E the thin 
silver metal sheathed superconductor wire is heated at a 
temperature of from about 450° C. to about 700° C. in pure 
oxygen to restore the oxygen content of the high temperature 
superconductor ceramic material. 

* * * * 1k 


