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(57) ABSTRACT 

An oxide superconducting Wire is provided Which alloWs an 
insulating layer to be formed Without deteriorating the 
superconducting properties. An oxide superconducting Wire 
includes oxide superconducting ?laments 1, a matrix 2, a 
covering layer 3, and an insulating layer 4. The matrix 2 is 
placed so as to enclose the oxide superconducting ?laments 
1 and is made of silver. The covering layer 3 is placed so as 
to enclose the matrix 2, contains silver and manganese, and 
has a thickness of 10 pm to 50 pm. The insulating layer 4 is 
placed so as to enclose the covering layer 3. 
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OXIDE SUPERCONDUCTING WIRE HAVING 
INSULATING COAT 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a division of application Ser. 
No. 09/673,256, ?led Oct. 25, 2000, noW pending, and based 
on Japanese Patent Application Nos. 11-50125, ?led Feb. 26, 
1999; 2000-19713, ?led Jan. 28, 2000; and International 
Patent Application No. PCT/JPOO/00952, ?led Feb. 18, 
2000, by Naoki Ayai, Nobuhiro Saga and KaZuhiko Hayashi. 
This application claims only subject matter disclosed in the 
parent application and therefore presents no new matter. 

TECHNICAL FIELD 

[0002] The present invention relates to an oxide supercon 
ducting Wire and a production method therefor, and more 
particularly, relates to an oxide superconducting Wire having 
an insulating layer and a production method therefor. 

BACKGROUND ART 

[0003] Conventionally, a bisrnuth-based oxide supercon 
ducting Wire is knoWn as one type of oxide superconducting 
Wire. The bisrnuth-based oxide superconducting Wire can be 
used at a liquid nitrogen temperature and can yield a 
relatively high critical current density. Moreover, since the 
bisrnuth-based oxide superconducting Wire can be relatively 
easily elongated, applications thereof to superconducting 
cables and magnets are expected. 

[0004] When such an oxide superconducting Wire is 
applied to a magnet, it is required to have an insulating layer, 
from the vieWpoint of coiling ef?ciency and the like. 

[0005] The above-described bisrnuth-based oxide super 
conducting Wire is used as a tape-shaped Wire in many cases 
for the folloWing reasons. That is, the critical current density 
of an oxide superconductor exhibits considerably high 
anisotropy, and therefore, it is necessary to align polycrys 
tals of the oxide superconductor in order to achieve a high 
critical current density. 

[0006] The bisrnuth-based oxide superconducting Wire is 
deforrned into a tape by plastic deformation such as rolling. 
The polycrystals of precursor of the oxide superconductor 
are aligned by the plastic deformation. 

[0007] The Width of the tape-shaped oxide superconduct 
ing Wire varies Within the range of 10.2 min in the above 
described plastic deformation process. It is therefore neces 
sary to adopt a method for reliably forming an insulating 
layer over the entire surface of the tape-shaped Wire even 
When the Width of the Wire varies. As a result, it has been 
considered to adopt a method of forming an insulating layer 
in the above tape-shaped Wire in Which an insulating-?lrn 
base is applied to a tape-shaped Wire by putting the tape 
shaped Wire betWeen felts impregnated with the insulating 
?lrn base and the tape-shaped Wire is then subjected to 
baking. The tape-shaped Wire in such an insulating layer 
forming method using felts is coated solely With a layer of 
the insulating-?lrn base of approximately 1.5 urn in thick 
ness in one operation of applying the insulating-?lrn base. 
For this reason, in such an insulating layer forming method 
using the felts, an operation of applying the insulating-?lrn 
base and a baking operation are usually repeated about ten 
times. 
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[0008] HoWever, When the above insulating layer forming 
method is applied to a tape-shaped bisrnuth-based oxide 
superconducting Wire, the critical current density of the 
tape-shaped oxide superconducting Wire decreases substan 
tially after an insulating layer is formed. This is due to the 
folloWing reasons. 

[0009] When the above insulating layer forming method is 
applied to a tape-shaped oxide superconducting Wire, the 
tape-shaped Wire is heated at a high temperature in the 
baking process. The temperature of the tape-shaped Wire is 
raised by the high-temperature heating. The tape-shaped 
Wire is composed of oxide superconducting ?larnents and a 
metal covering layer formed around the oxide superconduct 
ing ?larnents. With the above-described increase in tempera 
ture of the tape-shaped Wire, the metal covering layer and 
the oxide superconducting ?larnents in the tape-shaped Wire 
are thermally expanded. In this case, strain occurs in the 
tape-shaped Wire due to a difference in coef?cient of thermal 
expansion betWeen the metal covering layer and the oxide 
superconducting ?larnents. For this reason, a mechanical 
strain is exerted on the oxide superconducting ?larnents. As 
a result, superconducting properties are deteriorated, for 
example, the critical current density of the tape-shaped oxide 
superconducting Wire is loWered. 

[0010] When the insulating-?lrn base applying and the 
baking are repeated about ten times, it is necessary to put the 
tape-shaped Wire into a baking furnace a predetermined 
number of times. In this case, since the tape-shaped Wire is 
led into the baking furnace a plurality of times, the direction 
of travel of the tape-shaped Wire occasionally changes by 
using a roller, although this depends on the con?guration of 
an apparatus for applying and baking the insulating-?lrn 
base. Since the tape-shaped Wire is bent along the roller, it 
is subjected to bending. 

[0011] In order to move the tape-shaped Wire in the felts 
and the baking furnace, it is necessary to constantly apply a 
?xed tension to the tape-shaped Wire. Such bending of the 
tape-shaped Wire and application of tension thereto also put 
excessive mechanical strain on the oxide superconducting 
?larnents. As a result, the superconducting properties of the 
tape-shaped oxide superconducting Wire are deteriorated, 
and the critical current density is loWered. 

[0012] As described above, it is dif?cult to form an 
insulating layer in the conventional tape-shaped oxide super 
conducting Wire Without deteriorating the superconducting 
properties. 
[0013] The present invention has been developed to solve 
the above problems, and an object of the invention is to 
provide an oxide superconducting Wire Which alloWs an 
insulating layer to be formed Without deteriorating the 
superconducting properties, and to provide a production 
method therefor. 

DISCLOSURE OF INVENTION 

[0014] According to a ?rst aspect of the present invention, 
an oxide superconducting Wire includes an oxide supercon 
ducting ?larnent, a matrix, a covering layer, and an insulat 
ing layer. The matrix is made of silver and is placed so as to 
enclose the oxide superconducting ?larnent. The covering 
layer, placed so as to enclose the matrix, contains silver and 
manganese, and has a thickness of 10 urn to 50 urn. The 
insulating layer is placed so as to enclose the covering layer. 
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[0015] Since the covering layer is made of a material 
containing silver and manganese, the mechanical strength 
thereof can be increased. This ensures suf?cient strength to 
Withstand the tension and bending applied to the oxide 
superconducting Wire When forming the insulating layer. 
That is, since the covering layer of the oxide superconduct 
ing Wire thus has suf?cient strength, it is possible to prevent 
the exertion of excessive mechanical strain on the oxide 
superconducting ?lament in the process of forming the 
insulating layer, the process of constructing a magnet, a 
cable, or the like by using the oxide superconducting Wire, 
and in the case in Which stress is applied to the oxide 
superconducting Wire by a temperature change due to cool 
ing and electromagnetic force When operating an equipment 
using the oxide superconducting Wire, such as a magnet. As 
a result, it is possible to prevent deterioration of the super 
conducting properties of the oxide superconducting ?la 
ment. For this reason, the critical current density of the oxide 
superconducting Wire is prevented from being loWered. 

[0016] While manganese is used as an element to be 
contained in the covering layer in order to increase the 
strength thereof, it has a relatively loW reactivity With an 
oxide superconductor. For this reason, it is possible to inhibit 
the problem that the element in the covering layer in a 
sintering process for generating the oxide superconductor 
hinders the generative reaction of an oxide superconductor. 
Since the matrix of silver is interposed betWeen the oxide 
superconducting ?lament and the covering layer, manganese 
in the covering layer can be reduced by the matrix from 
diffusing to the oxide superconducting ?lament. This more 
reliably reduces the above problem in Which the generative 
reaction of the oxide superconductor is hindered by man 
ganese in the covering layer. 

[0017] Since the thickness of the covering layer is Within 
the range of 10 pm to 50 pm, the covering layer can be 
formed Without causing fatal defects, such as cracks, in the 
production procedure for the oxide superconducting Wire. 
Moreover, the oxide superconductor can be generated reli 
ably because gas generated With the generative reaction of 
the oxide superconductor can be reliably released from the 
Wire. In the case in Which the thickness of the covering layer 
is less than 10 pm, defects, such as cracks, arise in the 
covering layer in a step of shaping the oxide superconduct 
ing Wire in the production procedure therefor. In the case in 
Which the thickness of the covering layer is more than 50 
pm, gas generated With the generative reaction of the oxide 
superconductor is not properly released from the Wire, Which 
results in an incomplete generative reaction of the oxide 
superconductor. Alternatively, a phenomenon sometimes 
occurs in Which a cavity is formed in the Wire due to the gas. 
In this case, the superconducting properties of the oxide 
superconducting Wire are markedly deteriorated. Further 
more, in the case in Which the thickness of the covering layer 
is more than 50 pm, the ratio of the occupied area of the 
oxide superconducting ?lament to the total cross-sectional 
area of the oxide superconducting Wire decreases, and 
therefore, the current density of the oxide superconducting 
Wire is loWered. 

[0018] In the case in Which the oxide superconducting 
Wire of the present invention is applied to equipment, such 
as a magnet, superior coiling ef?ciency can be obtained 
because of the insulating layer of the oxide superconducting 
Wire. This makes it possible to improve the packing rate and 
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the dimensional accuracy of the oxide superconducting Wire 
and to easily obtain a high insulating property, Which differs 
from the conventional coiling operation in Which insulating 
materials are put betWeen the portions of the superconduct 
ing Wire. 

[0019] Since the insulating layer is formed beforehand, 
When the oxide superconducting Wire is exposed to a cryo 
gen, such as liquid nitrogen or liquid helium, the insulating 
layer can be used as a protective ?lm for preventing the 
cryogen from entering the interior of the covering layer or 
the matrix. In the case in Which an oxide superconducting 
Wire having no insulating layer is applied to a magnet, a 
cable, and the like, it is necessary to insulate portions of the 
oxide superconducting Wire by some means. For example, a 
means is considered in Which a coiling operation is per 
formed While putting an insulating material betWeen the 
portions of the oxide superconducting Wire. In the case in 
Which a cryogen is used to cool an equipment thus produced, 
such as a magnet, it sometimes directly contacts a portion of 
the surface of an oxide superconducting Wire constituting 
the device, Where an insulating layer is not formed. If the 
surface of the oxide superconducting Wire has a defect, such 
as a pinhole, the cryogen enters the interior of the oxide 
superconducting Wire. When the temperature of the oxide 
superconducting Wire rises above the boiling point of the 
cryogen in this state, the cryogen is vaporiZed inside the 
Wire. The vaporiZed cryogen forms a cavity inside the Wire. 
When such a cavity is formed, the superconducting proper 
ties of the oxide superconducting Wire having no insulating 
layer are markedly deteriorated. Since the oxide supercon 
ducting Wire of the present invention has the insulating layer, 
hoWever, the above problem is avoided. 

[0020] It is preferable that the covering layer in the oxide 
superconducting Wire according to the above ?rst aspect 
contain 0.1% to 0.5% manganese by Weight. 

[0021] This makes it possible to reliably increase the 
strength of the covering layer and to prevent manganese 
from hindering a generative reaction of the oxide supercon 
ductor. When the manganese content is less than 0.1% by 
Weight, the strength of the covering layer cannot be suf? 
ciently increased. When the manganese content is in excess 
of 0.5% by Weight, in the oxide superconducting Wire using 
the silver matrix according to the ?rst aspect, the manganese 
in the covering layer diffuses and reaches the interior of the 
matrix. As a result, a generative reaction of the oxide 
superconductor is hindered by manganese. 

[0022] According to another aspect of the present inven 
tion, an oxide superconducting Wire includes an oxide 
superconducting ?lament, a matrix, a covering layer, and an 
insulating layer. The matrix contains silver and antimony 
and is placed so as to enclose the oxide superconducting 
?lament. The covering layer is placed so as to enclose the 
matrix, contains silver and manganese, and has a thickness 
of 10 pm to 50 pm. The insulating layer is placed so as to 
enclose the covering layer. 

[0023] Since a material containing silver and manganese is 
used as the covering layer, in a manner similar to that of the 
oxide superconducting Wire according to the above ?rst 
aspect of the present invention, the mechanical strength of 
the covering layer can be increased. This makes it possible 
to ensure strength of the covering layer that suf?ciently 
Withstands tension and bending to be applied to the oxide 
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superconducting Wire When forming the insulating layer. 
That is, it is possible to prevent the exertion of excessive 
mechanical strain on the oxide superconducting ?lament in 
the process of forming the insulating layer or the like. As a 
result, it is possible to prevent the deterioration of the 
superconducting properties of the oxide superconducting 
?lament. Consequently, this prevents the decrease of the 
critical current density of the oxide superconducting Wire. 

[0024] While manganese is used as an element to be 
contained in the covering layer in order to increase strength, 
it has a relatively loW reactivity With an oxide superconduc 
tor. For this reason, it is possible to inhibit the problem that 
the element in the covering layer in a sintering process for 
generating the oxide superconductor hinders the generative 
reaction of an oxide superconductor. Since the matrix con 
taining silver and antimony is interposed betWeen the oxide 
superconducting ?lament and the covering layer, manganese 
in the covering layer can be restricted from diffusing to the 
oxide superconducting ?lament by the matrix. As a result, it 
is possible to more reliably avoid the above problem, that is, 
the hindrance of the generative reaction of the oxide super 
conductor by manganese in the covering layer. 

[0025] The matrix contains antimony. Antimony serves to 
restrict manganese in the covering layer from diffusing to a 
region Where the superconducting ?lament is placed. For 
this reason, the manganese content of the covering layer can 
be made higher than that in the case in Which only silver is 
used as the matrix, Without deteriorating the superconduct 
ing properties of the oxide superconducting Wire. This 
further increases the mechanical strength of the covering 
layer. 

[0026] Since the thickness of the covering layer is 10 pm 
to 50 pm, it is possible to form the covering layer in a 
production procedure, Which Will be described later, Without 
causing fatal defects such as cracks, in a manner similar to 
that of the oxide superconducting Wire according to the 
above ?rst aspect. Moreover, it is possible to reliably release 
gas, Which is generated With the generative reaction of the 
oxide superconductor, from the Wire. For this reason, the 
oxide superconductor can be formed reliably. When the 
thickness of the covering layer is less than 10 pm, defects, 
such as cracks, occur in the covering layer in the Wire 
shaping process of the production procedure for the oxide 
superconducting Wire. When the thickness of the covering 
layer is more than 50 pm, gas, Which is generated With the 
generative reaction of the oxide superconductor, is not 
sufficiently released from the Wire, and this results in an 
incomplete generative reaction of the oxide superconductor. 
Inside the Wire, a cavity is sometimes formed due to the 
above-described gas. This markedly deteriorates the super 
conducting properties of the oxide superconducting Wire. 
When the thickness of the covering layer is more than 50 
pm, the ratio of the occupied area of the oxide supercon 
ducting ?lament to the total cross-sectional area of the oxide 
superconducting Wire is decreased, and therefore, the current 
density of the oxide superconducting Wire is markedly 
loWered. 

[0027] Since the oxide superconducting Wire includes the 
insulating layer, in the case in Which the oxide supercon 
ducting Wire of the present invention is applied to equip 
ment, such as a magnet, superior coiling ef?ciency can be 
obtained. In contrast to the conventional case in Which 
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insulating materials are put betWeen the portions of the 
superconducting Wire during a coiling operation, it is also 
possible to improve the packing rate and the dimensional 
accuracy of the oxide superconducting Wire and to easily 
obtain a high insulating property. 

[0028] Since the insulating layer is formed beforehand, 
When the oxide superconducting Wire is exposed to a cryo 
gen, such as liquid nitrogen or liquid helium, the insulating 
layer can be used as a protective ?lm for preventing the 
cryogen from entering the interior of the covering layer or 
the matrix. 

[0029] In the above-described oxide superconducting Wire 
according to another aspect, it is preferable that the matrix 
contain 0.1% to 0.5% antimony by Weight, and that the 
covering layer contain 0.5% to 1.0% manganese by Weight. 
[0030] In this case, the mechanical strength of the cover 
ing layer can be suf?ciently increased by manganese, and 
manganese in the covering layer can be more reliably 
prevented from diffusing into the matrix by antimony. That 
is, since the diffusion of manganese can be inhibited by 
antimony, the manganese content of the covering layer can 
be made higher than that in the above-described oxide 
superconducting Wire according to the ?rst aspect. This can 
increase the mechanical strength of the covering layer. 
[0031] When the antimony content of the matrix exceeds 
0.5 % by Weight, the superconducting properties of the oxide 
superconducting ?lament are deteriorated. For this reason, 
the critical current density of the oxide superconducting Wire 
is loWered. When the antimony content of the matrix is less 
than 0.1% by Weight, it is impossible to suf?ciently obtain 
the antimony’s effect of preventing the diffusion of manga 
nese. 

[0032] When the manganese content of the covering layer 
is more than 0.5% by Weight, it is possible to obtain 
suf?cient strength of the covering layer Which is greater than 
that in the oxide superconducting Wire according to the ?rst 
aspect of the present invention. In contrast, When the man 
ganese content exceeds 1.0% by Weight, manganese some 
times diffuses and reaches a region Where the oxide super 
conducting ?lament is placed. In this case, a generative 
reaction of an oxide superconductor is hindered by manga 
nese in the production procedure for the oxide supercon 
ducting Wire. 
[0033] In the oxide superconducting Wire according to the 
?rst aspect or another aspect, it is preferable that manganese 
be dispersed as oxide particles in the covering layer (claim 
5). 
[0034] In this case, since the oxide particles of manganese 
are dispersed in the covering layer, they can reliably increase 
the mechanical strength of the covering layer. 
[0035] In the oxide superconducting Wire according to the 
?rst aspect or another aspect, it is preferable that manganese 
exists While being in a solid solution in the covering layer. 

[0036] In this case, lattice strain is formed in a material 
other than manganese (e.g., silver), Which constitutes the 
covering layer, due to manganese being in a solid solution in 
the material. This can increase the mechanical strength of 
the covering layer. 
[0037] In the oxide superconducting Wire according to the 
?rst aspect or another aspect, it is preferable that the 
thickness of the covering layer be Within the range of 20 pm 
to 40 pm. 
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[0038] In this case, it is possible to reliably achieve a high 
critical current density of the oxide superconducting Wire 
and to reliably release gas, Which results from a generative 
reaction of the oxide superconductor, from the Wire. For this 
reason, it is possible to obtain an oxide superconducting Wire 
having superior superconducting properties. 
[0039] According to the ?rst aspect or another aspect of 
the oxide superconducting Wire, it is preferable that the 
oxide superconducting Wire be shaped like a tape having a 
?at portion. 

[0040] This alloWs a coiling operation to be easily per 
formed When the oxide superconducting Wire of the present 
invention is applied to a magnet or the like. 

[0041] When forming an insulating layer in the tape 
shaped oxide superconducting Wire, a method is adopted to 
form an insulating layer by using felt. In the case in Which 
the operation of applying a base to become an insulating 
layer and a baking operation are repeated a plurality of 
times, as in such insulating layer forming method by using 
a felt, the superconducting properties can be reliably pre 
vented from being deteriorated in the oxide superconducting 
Wire of the present invention. For this reason, the above 
described advantages of the present invention are prominent, 
in particular, in the tape-shaped oxide superconducting Wire. 

[0042] According to the ?rst aspect or another aspect of 
the oxide superconducting Wire, it is preferable that the 
thickness of the covering layer at the ?at portion be Within 
the range of 10 pm to 50 pm. 

[0043] In this case, since the ?at portion constitutes a large 
proportion of the surface of the tape-shaped oxide super 
conducting Wire, When the thickness of the covering layer at 
the ?at portion is Within the range of 10 pm to 50 pm, as 
described above, the above-described advantages of the 
oxide superconducting Wire of the present invention can be 
provided more reliably. 

[0044] It is preferable that in the oxide superconducting 
Wire according to the ?rst aspect or another aspect the 
thickness of the covering layer at the ?at portion be Within 
the range of 20 pm to 40 pm. 

[0045] In this case, it is possible to reliably achieve a high 
critical current density in the oxide superconducting Wire, as 
described above, and to reliably release gas, Which is 
generated due to a generative reaction of an oxide super 
conductor, from the Wire. This makes it possible to more 
reliably obtain an oxide superconducting Wire having supe 
rior superconducting properties. 

[0046] It is preferable that in the oxide superconducting 
Wire according to the ?rst aspect or another aspect the 
thickness of the insulating layer be Within the range of 5 pm 
to 100 pm. 

[0047] When the thickness of the insulating layer is less 
than 5 pm, a local dielectric breakdoWn is prone to occur, 
and defects, such as pinholes, are prone to occur in the 
insulating layer. When equipment using the oxide supercon 
ducting Wire is operating, the oxide superconducting Wire is 
cooled by a cryogen such as liquid nitrogen. In this case, the 
cryogen sometimes enters the interior of the insulating layer 
from the defects. If the temperature of the oxide supercon 
ducting Wire rises above the boiling point of the cryogen in 
this state, the cryogen vaporiZes. For this reason, the insu 
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lating layer is broken by the vaporiZed cryogen, or a cavity 
is formed inside the oxide superconducting Wire and the 
oxide superconducting Wire becomes a partially bulged 
shape. In this case, the superconducting properties of the 
oxide superconducting Wire are substantially deteriorated. 
When the thickness of the insulating layer exceeds 100 pm, 
the ratio of the occupied area of the superconducting ?la 
ment to the cross-sectional area of the oxide superconduct 
ing Wire decreases, and therefore, the critical density 
decreases. When the thickness of the insulating layer is 
Within the above range, the above problems can be avoided. 

[0048] It is preferable that in the oxide superconducting 
Wire according to the ?rst aspect or another aspect the 
insulating layer contains resin. 

[0049] In this case, since resin can be baked in a tempera 
ture range that does not deteriorate the properties of the 
oxide superconducting Wire, an insulating layer can be 
formed Without deteriorating the superconducting properties 
of the oxide superconducting ?lament. The use of resin also 
permits an insulating layer With a relatively small thickness 
having no defects such as pinholes. As a result, it is possible 
to achieve a high current density and to effectively prevent 
the penetration of the cryogen into the interior of the oxide 
superconducting Wire. By selecting an appropriate resin, it is 
possible to achieve an insulating layer having suf?cient 
insulating properties, Water resistance, stability With respect 
to temperature change, and heat resistance. 

[0050] It is preferable that in the oxide superconducting 
Wire according to the ?rst aspect or another aspect the resin 
be a formal resin. 

[0051] A formal resin can be baked at a baking tempera 
ture of 400° C. or less Which is relatively loWer than that for 
other resins. Therefore, the baking temperature in a process 
for forming the insulating layer can be made loWer than that 
in cases Where other resins are used. This decreases the 
temperature for heating the oxide superconducting Wire in 
the process for forming the insulating layer. For this reason, 
it is possible to reduce mechanical strain due to the heat in 
the oxide superconducting ?lament. As a result, it is possible 
to reliably prevent the deterioration of the superconducting 
properties of the oxide superconducting Wire. 

[0052] It is preferable that in the oxide superconducting 
Wire according to the ?rst aspect or another aspect the oxide 
superconducting ?lament be a bismuth-based oxide super 
conducting ?lament. 

[0053] Abismuth-based oxide superconductor can be used 
at liquid nitrogen temperature. Since the bismuth-based 
oxide superconductor can yield a relatively high critical 
current density and can be elongated, the application thereof 
to a magnet or the like is expected. In the application to a 
magnet or the like, an oxide superconducting Wire having an 
insulating layer is required from the vieWpoint of coiling 
ef?ciency and the like. For this reason, the application of the 
present invention to the bismuth-based oxide superconduct 
ing Wire provides particularly noticeable advantages. 

[0054] An oxide superconducting Wire production method 
according to a further aspect of the present invention 
includes a step of preparing a Wire having poWder of 
precursor to be sintered into an oxide superconductor, a 
matrix made of silver and placed so as to enclose the poWder 
of precursor, and a covering layer containing silver and 0.1% 
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to 0.5% manganese by Weight placed so as to enclose the 
matrix; a sintering step of forming an oxide superconductor 
from the poWder of precursor by heating the Wire; and a 
coating step for forming an insulating layer on the outer 
surface of the covering layer so as to enclose the covering 
layer in a state in Which tension is applied to the Wire having 
the oxide superconductor in the longitudinal direction. 

[0055] Since the covering layer thus contains silver and 
0.1% to 0.5% manganese by Weight, it is possible to obtain 
a Wire having adequate strength to suf?ciently Withstand 
tension and bending to be applied to the Wire in the covering 
step of forming the insulating layer. That is, since the 
covering layer of the oxide superconducting Wire thus has 
sufficient strength, it is possible to prevent the exertion of 
excess mechanical strain onto the oxide superconductor in 
the coating step of forming the insulating layer. As a result, 
it is possible to prevent the decrease of the critical current 
density of the oxide superconducting Wire due to excessive 
mechanical strain. 

[0056] When the manganese content is less than 0.1% by 
Weight, it is impossible to suf?ciently increase the strength 
of the covering layer. When the manganese content is more 
than 0.5% by Weight, in the Wire having the matrix made of 
silver, the manganese in the covering layer diffuses and 
reaches the interior of the matrix in the sintering step. As a 
result, the generative reaction of the oxide superconductor in 
the sintering step is hindered by manganese. 

[0057] An oxide superconducting Wire production method 
according to a still further aspect of the present invention 
includes a step of preparing a Wire having poWder of 
precursor to be sintered into an oxide superconductor, a 
matrix containing silver and 0.1% to 0.5% antimony by 
Weight placed so as to enclose the poWder of precursor, and 
a covering layer containing silver and 0.5% to 1.0% man 
ganese by Weight placed so as to enclose the matrix; a 
sintering step of forming an oxide superconductor from the 
poWder of precursor by heating the Wire; and a coating step 
of forming an insulating layer on the outer surface of the 
covering layer so as to enclose the covering layer in a state 
in Which tension is applied to the Wire having the oxide 
superconductor in the longitudinal direction. 

[0058] Since a material containing silver and 0.5% to 
1.0% manganese by Weight is used as the covering layer, the 
mechanical strength of the covering layer can be further 
increased, compared With that in the oxide superconducting 
Wire production method according to the above further 
aspect. This makes it possible to ensure strength of the 
covering layer that sufficiently Withstands tension and bend 
ing to be applied to the Wire in the coating step. That is, it 
is possible to prevent the exertion of excessive mechanical 
strain on the oxide superconductor in the coating step of 
forming the insulating layer. As a result, it is possible to 
prevent the decrease of the critical current density of the 
oxide superconducting Wire. 

[0059] Manganese in the covering layer can be reliably 
prevented by antimony in the matrix from diffusing into the 
matrix. 

[0060] When the antimony content of the matrix exceeds 
0.5 % by Weight, the superconducting properties of the oxide 
superconducting ?lament are deteriorated. When the anti 
mony content of the matrix is less than 0.1% by Weight, it 
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is impossible to suf?ciently obtain the effect of the antimony 
described above Which prevents the diffusion of manganese. 

[0061] When the manganese content of the covering layer 
is 0.5 % or more by Weight, it is possible to obtain a suf?cient 
mechanical strength of the covering layer Which is higher 
than that of the covering layer according to the above further 
aspect. In contrast, When the manganese content exceeds 
1.0% by Weight, manganese sometimes diffuses and reaches 
the region of the oxide superconductor. In this case, a 
generative reaction of the oxide superconductor is hindered 
by manganese in the sintering step. 

[0062] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the preparation step include a step of ?lling 
a ?rst pipelike member to become the matrix With poWder of 
precursor, a step of draWing the ?rst pipelike member ?lled 
With the poWder of precursor, a step of placing the narroWed 
?rst pipelike member inside a second pipelike member to 
become a covering layer, and a step of draWing the second 
pipelike member With the narroWed ?rst pipelike member 
placed therein. 

[0063] In this case, the preparation step can be carried out 
more easily than a case in Which a sheetlike member is used 
as a member to become a covering layer. 

[0064] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the thickness of the covering layer in the 
preparation step be Within the range of 10 pm to 50 pm. 

[0065] In this case, since gas, Which is generated With a 
generative reaction of the oxide superconductor in the 
sintering process, can easily pass through the covering layer, 
it is reliably released from the Wire. For this reason, an oxide 
superconductor can be generated reliably. When the thick 
ness of the covering layer is less than 10 pm, defects, such 
as cracks, sometimes occur in the covering layer in the 
preparation step. When the thickness of the covering layer is 
more than 50 pm, gas generated With the generative reaction 
of the oxide superconductor is not properly released from 
the Wire, Which results in an incomplete generative reaction 
of the oxide superconductor. A cavity is sometimes formed 
in the Wire due to the gas. In this case, the superconducting 
properties of the produced oxide superconducting Wire are 
markedly deteriorated. 

[0066] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the thickness of the covering layer in the 
preparation step be Within the range of 20 pm to 40 pm. 

[0067] In this case, it is possible to prevent defects from 
occurring in the covering layer and to reliably release gas, 
Which is generated due to a generative reaction of an oxide 
superconductor in the sintering step, from the Wire. 

[0068] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the Wire be shaped like a tape having a ?at 
portion in the preparation step. 

[0069] In this case, since the surface area of the covering 
layer is made larger than that of a Wire With a circular cross 
section, it is possible to more reliably release gas, Which is 
generated due to a generative reaction of an oxide super 
conductor in the sintering step, from the Wire via the 
covering layer. 
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[0070] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the thickness of the covering layer at the ?at 
portion be Within the range of 10 pm to 50 pm. 

[0071] In this case, since the ?at portion constitutes a large 
proportion of the surface of the oxide superconducting Wire, 
When the thickness of the covering layer at the ?at portion 
is Within the range of 10 pm to 50 pm, as described above, 
it is possible to more reliably release gas, Which is generated 
due to a generative reaction of an oxide superconductor in 
the sintering step, from the Wire. This reliably yields an 
oxide superconducting Wire having superior superconduct 
ing properties. 
[0072] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the thickness of the covering layer at the ?at 
portion be Within the range of 20 pm to 40 pm. 

[0073] In this case, it is possible to reliably prevent defects 
from occurring in the covering layer and to reliably release 
gas, Which is generated due to a generative reaction of an 
oxide superconductor in the sintering step, from the Wire. 

[0074] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the thickness of the insulating layer in the 
coating step be Within the range of 5 pm to 100 pm. 

[0075] When the thickness of the insulating layer is less 
than 5 pm, defects, such as pinholes, are prone to occur in 
the insulating layer in the coating step. When the thickness 
of the insulating layer exceeds 100 pm, the ratio of the 
occupied area of the oxide superconductor to the cross 
sectional area of the oxide superconducting Wire decreases, 
and therefore, the current density decreases. 

[0076] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the insulating layer contains resin. 

[0077] In this case, since resin can be baked in a tempera 
ture range that does not deteriorate the properties of the 
oxide superconducting Wire, the coating step can be carried 
out Without deteriorating the superconducting properties of 
the oxide superconducting Wire. 

[0078] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
more preferable that the resin be a formal resin. 

[0079] A formal resin can be baked at a temperature of 
400° C. or less Which is relatively loWer than those for other 
resins. Therefore, the baking temperature in the coating step 
can be loWered, compared With those in cases in Which other 
resins are used. 

[0080] In the oxide superconducting Wire production 
method according to the further or still further aspect, it is 
preferable that the oxide superconductor be a bismuth-based 
oxide superconductor. 

[0081] Abismuth-based oxide superconductor can be used 
at the liquid nitrogen temperature, can yield a relatively high 
critical current density, and can be elongated. Therefore, an 
application thereof to an equipment, such as a magnet, is 
expected. From the vieWpoint of coiling ef?ciency When 
producing such equipment, an oxide superconducting Wire 
having an insulating layer is required. For this reason, 

Jul. 10, 2003 

application of the present invention to a production method 
for a bismuth-based oxide superconducting Wire provides 
particularly noticeable advantages. 

[0082] An oxide superconducting Wire according to a still 
further aspect of the present invention includes an oxide 
superconducting ?lament, a covering layer, and an insulat 
ing layer. The covering layer is placed so as to enclose the 
oxide superconducting ?lament and includes a silver alloy 
containing 0.1% to less than 1.0% manganese by Weight. 
The insulating layer is placed so as to enclose the covering 
layer. 

[0083] Since the oxide superconducting Wire has the insu 
lating layer, superior coiling ef?ciency can be obtained When 
the oxide superconducting Wire of the present invention is 
applied to a magnet or the like. 

[0084] Since the covering layer includes a silver alloy 
containing 0.1% to less than 1.0% manganese by Weight, it 
is possible to ensure a strength of the oxide superconducting 
Wire that suf?ciently Withstands tension and bending to be 
applied to the oxide superconducting Wire When forming the 
insulating layer. That is, since the covering layer of the oxide 
superconducting Wire has such sufficient strength, it is 
possible to prevent the exertion of excessive mechanical 
strain on the oxide superconducting ?lament in the step of 
forming the insulating layer. As a result, it is possible to 
prevent the deterioration of the superconducting properties 
of the oxide superconducting ?lament. This can prevent the 
critical current density of the oxide superconducting Wire 
from being loWered. 

[0085] When the manganese content is 1.0% or more by 
Weight, manganese sometimes enters the core portion of the 
oxide superconducting Wire and reaches the oxide super 
conducting ?lament. In such a case, the critical current 
density of the oxide superconducting Wire is loWered due to 
the entry of manganese. When the manganese content is 
0.1% or more by Weight, it is possible to reliably increase the 
tensile strength of the second covering layer. As a result, the 
tensile strength of the oxide superconducting Wire can be 
reliably increased. 

[0086] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the manganese 
content of the silver alloy in the covering layer be Within the 
range of 0.5% to less than 1.0% by Weight. 

[0087] In this case, it is possible to reliably increase the 
tensile strength of the oxide superconducting Wire in a 
high-temperature environment. As a result, it is possible to 
more reliably prevent the deterioration of the superconduct 
ing properties of the oxide superconducting Wire in the step 
of forming the insulating layer. 

[0088] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the covering layer 
includes a ?rst covering layer and a second covering layer. 

[0089] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the ?rst covering 
layer contains silver. 

[0090] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the ?rst covering 
layer be made of a silver alloy containing antimony and that 
the second covering layer be placed so as to enclose the ?rst 
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covering layer and be made of a silver alloy containing 0.1% 
to less than 1.0% manganese by Weight. 

[0091] In this case, manganese contained in the second 
covering layer can be inhibited from diffusing and entering 
the interior of the oxide superconducting ?lament by the 
antimony contained in the ?rst covering layer. As a result, it 
is possible to more reliably prevent the deterioration of the 
superconducting properties of the oxide superconducting 
Wire due to the diffusion of manganese. 

[0092] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the ?rst covering 
layer be made of a silver alloy containing 0.1% to less than 
0.5% antimony by Weight. 

[0093] In this case, When the antimony content is Within 
the above range, antimony is inhibited from diffusing to the 
oxide superconducting ?lament. Moreover, the diffusion of 
manganese to the oxide superconducting ?lament can be 
prevented by antimony in the ?rst covering layer. As a result, 
it is possible to more reliably prevent the deterioration of the 
superconducting properties of the oxide superconducting 
Wire. 

[0094] When the antimony content is 0.5% or more by 
Weight, the superconducting properties of the oxide super 
conducting ?lament are deteriorated. For this reason, the 
critical current density of the oxide superconducting Wire is 
loWered. 

[0095] Since the antimony content is 0.1% or more by 
Weight, the above effect of preventing diffusion of manga 
nese can be reliably achieved. 

[0096] Since the silver alloy having the above antimony 
content is used as the ?rst covering layer, it is possible to 
further increase the tensile strength of the oxide supercon 
ducting Wire. For this reason, it is possible to more reliably 
prevent the exertion of excessive mechanical strain on the 
oxide superconducting ?lament in the step of forming the 
insulating layer in the oxide superconducting Wire. This can 
reliably prevent the deterioration of the superconducting 
properties of the oxide superconducting Wire. 

[0097] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the thickness of the 
insulating layer be Within the range of 10 pm to 100 pm. 

[0098] In the production procedure of the oxide supercon 
ducting Wire, the oxide superconducting Wire is sintered at 
a high temperature of 800° C. or more and in an oxidiZing 
atmosphere. For this reason, coarsening of crystal grains, 
oxidation and precipitation of an additional element, and the 
like sometimes occur in the second covering layer. For 
example, a protuberance of approximately 2 pm to 10 pm is 
sometimes formed on the surface of the second covering 
layer including the silver alloy containing manganese by the 
above sintering process. For this reason, When the above 
protuberance is formed in the sintering process, the occur 
rence of defects, such as pinholes, can be prevented in the 
insulating layer by the protuberance, by setting the thickness 
of the insulating layer at 10 pm or more. This can reliably 
insulate the oxide superconducting Wire. 

[0099] When the thickness of the insulating layer exceeds 
100 pm, the ratio of the oxide superconducting ?lament to 
the entire oxide superconducting Wire decreases. This makes 
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it dif?cult to obtain predetermined electric characteristics, 
such as the amount of current per unit sectional area, in the 
oxide superconducting Wire. 

[0100] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the insulating layer 
contains a formal resin. 

[0101] A formal resin can be baked at a temperature of 
400° C. or less Which is relatively loWer than those for other 
resins. Therefore, the baking temperature in the step of 
forming the insulating layer can be made loWer than those in 
cases in Which other resins are used. This decreases the 
temperature for heating the oxide superconducting Wire in 
the step of forming the insulating layer. For this reason, it is 
possible to reduce mechanical strain due to the heat in the 
oxide superconducting ?lament. As a result, it is possible to 
reliably prevent the deterioration of the superconducting 
properties of the oxide superconducting Wire. 

[0102] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the oxide supercon 
ducting Wire be shaped like a tape in outline. 

[0103] In this case, it is possible to easily perform a coiling 
operation or the like When applying the oxide superconduct 
ing Wire of the present invention to a magnet or the like. 

[0104] In order to form an insulating layer in a tape 
shaped oxide superconducting Wire, a method is adopted to 
form an insulating layer by using a felt. In a case in Which 
an operation of applying a base to produce the insulating 
layer and a baking operation are repeated a plurality of 
times, such as in the insulating layer forming method using 
the felt, the oxide superconducting Wire of the present 
invention can reliably prevent the superconducting proper 
ties from deterioration. For this reason, the above advan 
tages of the present invention are particularly noticeable in 
the tape-shaped oxide superconducting Wire. 

[0105] In the oxide superconducting Wire according to the 
still further aspect, it is preferable that the oxide supercon 
ducting ?lament be a bismuth-based oxide superconducting 
?lament. 

[0106] In this case, a bismuth-based oxide superconductor 
can be used at the liquid nitrogen temperature. Since the 
bismuth-based oxide superconductor can yield a relatively 
high critical current density and can be elongated, an appli 
cation thereof to a magnet or the like is expected. In the 
application to a magnet or the like, an oxide superconducting 
Wire having an insulating layer is required from the vieW 
point of coil ef?ciency and the like. For this reason, par 
ticularly noticeable advantages can be provided by applying 
the present invention to the bismuth-based oxide supercon 
ducting Wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0107] FIG. 1 is a schematic sectional vieW shoWing an 
oxide superconducting Wire according to an embodiment of 
the present invention. 

[0108] FIG. 2 is a schematic vieW of an insulating layer 
baking apparatus. 

[0109] FIG. 3 is a schematic vieW of a baking process of 
an insulating layer. 
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[0110] FIG. 4 is a schematic vieW of a modi?cation of the 
insulating layer baking process shoWn in FIG. 3. 

[0111] FIG. 5 is a graph shoWing the relationship among 
the Mn concentration, the critical tensile stress, and the 
critical bending strain in the second covering layer ?lm of 
the oXide superconducting Wire. 

[0112] FIG. 6 is a schematic sectional vieW of the oXide 
superconducting Wire according to an eXample of the present 
invention. 

[0113] FIG. 7 is a graph shoWing the relationship among 
the thickness of the second covering layer, the critical tensile 
stress, the critical current density, and the bulge occurring 
rate in a sintering process for producing an oXide supercon 
ductor. 

REFERENCE NUMERALS 

[0114] 

[0115] 

: superconducting ?lament 

: ?rst covering layer 

[0117] 

[0118] 

[0119] 

[0120] 

[0121] 

: insulating layer 

1 

2 

[0116] 3: second covering layer 

4 

5: insulating layer baking apparatus 

6 : baking furnace 7a, 7b: felt 

8a, 8b: capstan 9: oXide superconducting Wire 

10: surface of second covering layer 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0122] An embodiment of the present invention Will be 
described beloW With reference to the draWings. 

[0123] (Embodiment 1) 
[0124] FIG. 1 is a schematic sectional vieW of an oXide 
superconducting Wire according to an embodiment of the 
present invention. The oXide superconducting Wire Will be 
described With reference to FIG. 1. 

[0125] Referring to FIG. 1, the oXide superconducting 
Wire comprises superconducting ?laments 1 made of a 
bismuth-based oXide superconductor so as to serve as oXide 

superconducting ?laments, a ?rst covering layer 2 made of 
a silver alloy containing antimony (Ag—Sb alloy) so as to 
serve as a matriX, a second covering layer 3 made of a silver 
alloy containing manganese (Ag—Mn alloy) so as to serve 
as a covering layer, and an insulating layer 4 made of a 
polyvinyl formal resin. The ?rst covering layer 2 is formed 
so as to enclose the superconducting ?laments 1. The second 
covering layer 3 is formed so as to enclose the ?rst covering 
layer 2. The insulating layer 4 is formed so as to enclose the 
second covering layer 3. 

[0126] The ?rst covering layer 2 may be made of silver, 
Which does not contain antimony. Manganese (Mn) eXists 
While being in a solid solution in the Ag—Mn alloy of the 
second covering layer 2. In this case, lattice distortion is 
produced in the alloy by dissolving manganese in a silver 
matriX constituting the second covering layer 3. This can 
increase the mechanical strength of the second covering 
layer 3. In the second covering layer 3, manganese may eXist 
While being dispersed as oXide particles in the base material 
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of the alloy. In this case, the oXide particles can reliably 
increase the mechanical strength of the second covering 
layer 3. 

[0127] Apreferable thickness of the second covering layer 
3 is Within the range of 10 pm to 50 pm. Since the thickness 
of the second covering layer 3 is thus 10 pm to 50 pm, it is 
possible in a production procedure, Which Will be described 
later, to form the second covering layer 3 Without causing 
fatal defects, such as cracks, and to reliably release gas, 
Which is generated With a reaction that forms the oXide 
superconducting ?laments 1, from the Wire. 

[0128] By providing the oXide superconducting Wire With 
the insulating layer 4, coiling ef?ciency can be improved 
When the oXide superconducting Wire is applied to a magnet 
or the like. 

[0129] Since the insulating layer 4 is formed beforehand, 
in the case in Which the oXide superconducting Wire is 
eXposed to a cryogen, such as liquid nitrogen or liquid 
helium, the insulating layer 4 can be used as a protective ?lm 
for preventing the cryogen from entering the interior of the 
second covering layer 3 or the ?rst covering layer 2 serving 
as the matriX. 

[0130] The second covering layer 3 has a manganese 
content of 0.1% to 1.0% by Weight. By thus specifying the 
manganese content, it is possible to inhibit manganese from 
diffusing from the second covering layer 3 to the supercon 
ducting ?laments 1 and to increase the strength of the oXide 
superconducting Wire. As a result, in the process of forming 
an insulating layer in the production procedure for the oXide 
superconducting Wire, Which Will be described later, it is 
possible to prevent the deterioration of the superconducting 
properties of the oXide superconducting Wire When the oXide 
superconducting Wire is subjected to tension and bending. 

[0131] While manganese is used as an element to be 
contained in the second covering layer 3 in order to increase 
strength, it has a relatively loW reactivity With an oXide 
superconductor. For this reason, in a sintering process for 
generating the oXide superconducting ?laments 1, the reac 
tion that forms the oXide superconductor is inhibited from 
hindrance by the element contained in the second covering 
layer 3. 

[0132] When the manganese content is 0.1% or more by 
Weight, it is possible to reliably increase the strength of the 
oXide superconducting Wire. When the manganese content is 
1.0% or less by Weight, it is possible to inhibit manganese 
from diffusing from the second covering layer 3 to the 
superconducting ?laments 1. As a result, it is possible to 
effectively prevent deterioration of the superconducting 
properties of the oXide superconducting Wire. 

[0133] In a case in Which the ?rst covering layer 2 serving 
as the matriX is made of silver, it is preferable that the 
manganese content of the second covering layer 3 be Within 
the range of 0.1% to 0.5% by Weight. This makes it possible 
to increase the strength of the second covering layer 3 and 
to reliably prevent manganese from hindering the reaction 
that generates the oXide superconducting ?laments 1. 

[0134] In a case in Which the ?rst covering layer 2 serving 
as the matriX contains silver and antimony, it is more 
preferable that the manganese content of the second cover 
ing layer 3 be Within the range of 0.5% to 1.0% by Weight. 
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[0135] This can reliably increase the tensile strength of the 
oxide superconducting Wire in a high-temperature environ 
ment. As a result, even in a high-temperature environment, 
for example, during a baking operation in the process for 
forming the insulating layer, the oxide superconducting 
?laments 1 are reliably prevented from being subjected to 
excessive mechanical strain. 

[0136] Since the ?rst covering layer 2 is made of a silver 
alloy containing antimony, manganese can be more reliably 
inhibited from diffusing from the second covering layer 3 to 
the oxide superconducting ?laments 1. 

[0137] Preferably, the antimony content of the ?rst cov 
ering layer 2 is set to be Within the range of 0.1% to 0.5% 
by Weight. 

[0138] By setting the antimony content of the ?rst cover 
ing layer 2 Within such a range, it is possible to inhibit 
antimony from diffusing from the ?rst covering layer 2 to the 
superconducting ?laments 1, and to inhibit manganese from 
diffusing from the second covering layer 3 to the supercon 
ducting ?laments 1. When the antimony content exceeds 
0.5% by Weight, the critical current density of the oxide 
superconducting Wire decreases. 

[0139] When the antimony content is 0.1% or more by 
Weight, the above advantages can be reliably provided. 

[0140] A preferable thickness of the insulating layer 4 is 
Within the range of 5 pm to 100 pm. When the thickness of 
the insulating layer is less than 5 pm, local dielectric 
breakdoWn tends to occur, and defects, such as pinholes, are 
prone to occur in the insulating layer. 

[0141] A more preferable thickness of the insulating layer 
4 is Within the range of 10 pm to 100 pm. 

[0142] The bismuth-based oxide superconducting Wire 
shoWn in FIG. 1 is subjected to sintering at a high tempera 
ture of more than 800° C. in an oxidiZing atmosphere in the 
production procedure therefor. During sintering, phenom 
ena, such as coarsening of crystal grains and oxidation and 
precipitation of the additional element, occur in the second 
covering layer 3 and the like. For example, protuberances of 
approximately 2 pm to 10 pm are sometimes formed on the 
surface of the Ag—Mn alloy as in the second covering layer 
3. Therefore, even When the above-described protuberances 
are formed, the surface of the oxide superconducting Wire 
can reliably be coated With the insulating layer 4 and thereby 
be insulated by setting the thickness of the insulating layer 
4 at 10 pm or more. 

[0143] When the thickness of the insulating layer 4 
exceeds 100 pm, the ratio of the volume of the oxide 
superconducting ?laments 1 to the total cross section of the 
oxide superconducting Wire decreases. This makes it dif? 
cult to obtain the electric characteristics required When a 
magnet or the like is produced. 

[0144] Apolyvinyl formal resin used as the material of the 
insulating layer 4 can be baked at a loWer temperature than 
those of other materials for the insulating layer. For this 
reason, it is possible to loWer the heating temperature for 
baking in the process for forming the insulating layer 4, 
Which Will be described later. This reduces mechanical strain 
caused in the oxide superconducting Wire due to heat used 
in the baking operation. As a result, the deterioration of the 
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superconducting properties of the oxide superconducting 
Wire caused by the mechanical strain can be prevented. 

[0145] Since the oxide superconducting Wire of the 
present invention is shaped like a tape, as shoWn in FIG. 1, 
it can easily be applied to a magnet or the like. 

[0146] By thus applying the present invention to a bis 
muth-based oxide superconducting Wire, Which can be used 
at the liquid nitrogen temperature, has a relatively high 
critical current density, and is easily elongated, application 
of the oxide superconducting Wire to a magnet or the like is 
further facilitated. 

[0147] The oxide superconducting Wire shoWn in FIG. 1 
is fabricated by a silver-sheathing method. More speci? 
cally, poWders of oxides or carbonates of Bi—Pb, Sr, Ca, 
and Cu are ?rst mixed, sintered, and pulveriZed, thereby 
preparing poWder of precursor. The poWder may be made of 
a mixture of Bi2O3, PbO, SrCO3, CaCO3, and CuO so as to 
satisfy the conditions that the atomic ratio of Bi—PbzSr 
:CazCu be equal to 2212:213, that the composition ratio 
thereof be Within the range of +5%, and the ratio of Pb be 
Within the range of 0.3 to 0.4. Subsequently, the poWder of 
precursor is ?lled in a pipe made of an Ag—Sb alloy serving 
as a ?rst pipelike member so as to become the ?rst covering 
layer. The pipe ?lled With the poWder of precursor is 
narroWed by Wire draWing, thereby forming a single-core 
Wire. A plurality of such single-core Wires are bundled and 
inserted into a pipe made of an Ag—Mn alloy serving as a 
second pipelike member so as to become the second cov 
ering layer. After the Ag—Mn alloy pipe having the single 
core Wires therein is narroWed by Wire draWing, it is rolled 
into a tape, thereby preparing a Wire. The preparation 
process of the present invention is performed in this Way. A 
tape-shaped Wire permits a larger surface area of the second 
covering layer 3 than that of a Wire of circular cross section 
When the Wires are the same in cross-sectional area. There 
fore, gas produced by a reaction that generates the oxide 
superconductor in the sintering process can be more reliably 
released from the Wire via the second covering layer 3. 

[0148] After that, the Wire is subjected to heat treatment as 
a sintering process, thereby obtaining an oxide supercon 
ducting Wire. Then, a coating process is carried out to form 
the insulating layer 4 in the oxide superconducting Wire. In 
the coating process for forming the insulating layer 4, an 
insulating layer baking apparatus shoWn in FIG. 2 is used. 
FIG. 2 is a schematic vieW of the insulating layer baking 
apparatus. 

[0149] Referring to FIG. 2, an insulating layer baking 
apparatus 5 comprises capstans 8a and 8b, felts 7a and 7b for 
applying an insulating-?lm base, and a baking furnace 6. By 
using the insulating layer baking apparatus 5 shoWn in FIG. 
2, an insulating layer 4 (see FIG. 1) is formed on an oxide 
superconducting Wire, as shoWn in FIG. 3. FIG. 3 is a 
schematic vieW explaining the process for baking the insu 
lating layer. 
[0150] Referring to FIG. 3, a tape-shaped oxide super 
conducting Wire 9 passes over the capstan 8a from the loWer 
left side of FIG. 3 and passes betWeen the felts 7a and 7b 
impregnated With an insulating-?lm base. In this case, the 
felts 7a and 7b are pressed against the front and back 
surfaces of the oxide superconducting Wire 9, and the 
insulating-?lm base is thereby applied over the entire front 
and back surfaces of the oxide superconducting Wire 9. 
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[0151] After that, the oxide superconducting Wire 9 enters 
the interior of the baking furnace 6 and is subjected to 
heating treatment in the baking furnace 6. An insulating 
layer is baked by the heat treatment. 

[0152] The oxide superconducting Wire 9 passed through 
the baking furnace 6 is Wound on the capstan 8b so that the 
traveling direction thereof is changed nearly 180°. The oxide 
superconducting Wire 9 passes beneath the baking furnace 6 
and the felts 7a and 7b, is Wound on the capstan 8a again so 
as to change its traveling direction again, and passes again 
through the felts 7a and 7b and the baking furnace 6. The 
operation of applying the insulating-?lm base and the opera 
tion of baking the insulating layer are repeated in this 
manner. 

[0153] During the insulating layer baking process shoWn 
in FIG. 3, the insulating-?lm base applying and the baking 
are repeated four times. The oxide superconducting Wire 9, 
Which has been subjected to the insulating-?lm base apply 
ing and the baking repeated four times, is draWn out toWard 
the upper right side of the ?gure, as shoWn by an empty 
arroW. 

[0154] Tension T is applied to the oxide superconducting 
Wire 9 in the longitudinal direction. Preferably, such tension 
T to be applied to the oxide superconducting Wire 9 is less 
than 100 MPa at room temperature. Preferably, the tension 
T to be applied to the oxide superconducting Wire 9 in a 
high-temperature atmosphere, as in the baking furnace 6, is 
less than 20 MPa. Preferably, the bending strain, Which is 
de?ned as the ratio of the thickness of the oxide supercon 
ducting Wire 9 to a diameter D of the capstans 8a and 8b 
(double the radius of curvature When bending the oxide 
superconducting Wire 9)(see FIG. 2), is less than 0.2%. 

[0155] During such an insulating layer baking process in 
the production procedure for the oxide superconducting 
Wire, excessive mechanical strain is prevented from occur 
ring in the oxide superconducting Wire 9 by specifying the 
tension T to be applied to the oxide superconducting Wire 9 
and the bending strain. As a result, the superconducting 
properties of the oxide superconducting Wire 9 are prevented 
from deteriorating even after the insulating layer baking 
process. In short, it is possible to prevent the decrease of the 
critical current density of the oxide superconducting Wire 9 
due to the insulating layer baking process. 

[0156] In the description of the insulating layer baking 
process shoWn in FIG. 3, the insulating-?lm base applying 
and the baking are repeated four times. HoWever, in the case 
in Which the tension T to be applied to the oxide supercon 
ducting Wire 9 and the bending strain are set to be Within the 
above-described value ranges, even When the insulating-?lm 
base applying and the baking are repeated ?ve times in the 
insulating layer coating process, as shoWn in FIG. 4, advan 
tages similar to those in the insulating layer coating process 
shoWn in FIG. 3 can be obtained. FIG. 4 is a schematic vieW 
explaining a modi?cation of the insulating layer coating 
process shoWn in FIG. 3. 

EXAMPLE 1 

[0157] In an example of the present invention, the present 
inventors produced an oxide superconducting Wire, Which 
comprises bismuth-based superconducting ?laments 1 (see 
FIG. 1), a ?rst covering layer 2 made of silver so as to serve 
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as a matrix (See FIG. 1), and a second covering layer 3 made 
of a silver alloy having a manganese content of 0.5% by 
Weight so as to serve as a covering layer (see FIG. 1), by the 
production method described in the embodiment of the 
present invention. The critical current of the oxide super 
conducting Wire Was 30 A. The thickness of the supercon 
ducting Wire Was 0.24 mm. 

[0158] An insulating layer 4 (see FIG. 1) Was formed by 
the insulating layer baking process shoWn in FIG. 3. More 
speci?cally, the insulating layer baking process shoWn in 
FIG. 3, in Which an insulating-?lm base applying and a 
baking Were repeated four times, Was repeated tWice. As a 
result, the thickness of the insulating layer 4 Was 10 pm. In 
this insulating layer baking process, the tension T applied to 
the oxide superconducting Wire 9 (see FIG. 3) Was 20 MPa, 
and the diameter D of the capstans 8a and 8b Was 90 mm. 
The bending strain, Which is de?ned as the ratio of the 
thickness of the oxide superconducting Wire to the diameter 
of the capstans 8a and 8b, Was 0.27%. This bending strain 
is smaller than the critical bending strain obtained by the 
composition of the covering layers in the embodiment, as 
Will be described later. The baking temperature in the baking 
furnace 6 Was set to be Within the range of 300° C. to 350° 
C., and a polyvinyl formal resin Was used as the insulating 
layer 4. 

[0159] After such an insulating layer baking process, the 
critical current density of the oxide superconducting Wire 
Was measured 30 A, Which Was not loWer than that measured 
before the insulating layer baking process. The Withstand 
voltage of the insulating layer 4 Was 3 kV on the ?at surface 
of the Wire. As a result of a continuity check of the oxide 
superconducting Wire, deterioration of the characteristics 
thereof Were not found. In such a case in Which the ?rst 
covering layer 2 does not contain antimony, it is preferable 
that the second covering layer have a manganese content 
ranging from 0.1% to 0.5% by Weight. 

[0160] Even When the ?rst covering layer 2 does not 
contain antimony, the above manganese content alloWs 
manganese to be reliably prevented from diffusing and 
entering the superconducting ?laments 1. This can reliably 
prevent the superconducting properties of the oxide super 
conducting Wire from being deteriorated. 

[0161] While the diameter D of the capstans 8a and 8b has 
been set at 90 mm, it may be set at a larger value. Since the 
bending strain of the oxide superconducting Wire 9 can be 
decreased by increasing the diameter D of the capstans 8a 
and 8b, deterioration of the superconducting properties can 
be more reliably prevented. 

[0162] By setting the tension to be applied to the oxide 
superconducting Wire 9 at 20 MPa or less, the occurrence of 
excessive mechanical strain is prevented in the supercon 
ducting ?laments 1 of the oxide superconducting Wire 9 
even in a high-temperature environment, for example, dur 
ing baking in the baking furnace 6. As a result, it is possible 
to prevent deterioration of the superconducting properties of 
the oxide superconducting Wire. 

[0163] When the insulating-?lm base applying and the 
baking are repeated four times in one process, as in the 
example, the tension T to be applied to the oxide supercon 
ducting Wire 9 can be easily reduced. 

[0164] As a comparative example, a tape-shaped oxide 
superconducting Wire Was prepared Which included bis 
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muth-based oxide superconducting ?laments and a covering 
layer made of silver. The critical current of the oxide 
superconducting Wire Was 30 A. The thickness of the oxide 
superconducting Wire Was 0.24 mm, Which is the same as 
that of the oxide superconducting Wire of the above embodi 
ment. 

[0165] The oxide superconducting Wire Was subjected to 
an insulating layer baking process similar to that in the oxide 
superconducting Wire production method according to the 
example of the present invention. More speci?cally, the 
insulating layer baking process shoWn in FIG. 3, in Which 
an insulating-?lm base applying and a baking Were repeated 
four times, Was conducted tWice. In this case, the tension 
applied to the oxide superconducting Wire Was 20 MPa, and 
the diameter D of the capstans 8a and 8b Was 90 mm. The 
bending strain Was 0.27%. The baking temperature in the 
baking furnace 6 Was set to be Within the range of 300° C. 
to 350° C., and a polyvinyl formal resin Was used as an 
insulating layer 4. 

[0166] As a result, an insulating layer 10 pm in thickness 
could be formed. After the insulating layer Was formed, 
hoWever, the critical current of the oxide superconducting 
Wire measured 3 A, Which is loWer than 30 A measured 
before the formation of the insulating layer. 

[0167] In another comparative example, an oxide super 
conducting Wire Was prepared Which comprised supercon 
ducting ?laments 1 made of a bismuth-based oxide super 
conductor (see FIG. 1), a ?rst covering layer 2 made of a 
silver alloy having an antimony content of 0.5% by Weight 
(see FIG. 1), and a second covering layer 3 made of a silver 
alloy having a manganese content of 1.0% by Weight. The 
critical current of the oxide superconducting Wire Was 20 A. 
The thickness of the oxide superconducting Wire Was 0.24 
mm. 

[0168] The oxide superconducting Wire Was subjected to 
an insulating layer baking process in Which an insulating 
?lm base applying and a baking Were repeated eight times. 
In this case, the diameter of the capstans 8a and 8b of the 
insulating layer baking apparatus Was 90 mm. The bending 
strain Was 0.27%. The tension applied to the oxide super 
conducting Wire Was 90 MPa, and the baking temperature in 
the baking furnace Was Within the range of 300° C. to 350° 
C. A polyvinyl formal resin Was used as the material of the 
insulating layer. 

[0169] In this case, a high tension of 90 MPa is applied to 
the oxide superconducting Wire even in the baking operation 
by the baking furnace. For this reason, the tension of 90 MPa 
to be applied to the oxide superconducting Wire in a high 
temperature environment is out of the tension range speci 
?ed in the oxide superconducting Wire production method of 
the present invention. As a result, after the insulating layer 
baking process, the critical current of the oxide supercon 
ducting Wire measured 4 A, Which is markedly loWer than 
the critical current of 20 A measured before the insulating 
layer Was formed. 

[0170] In contrast to the comparative examples in Which 
the critical current Was decreased, the deterioration of the 
superconducting properties, such as the decrease in critical 
current, Was not caused in the example of the present 
invention. That is, according to the present invention, any 
problems such as a decrease in critical current of the oxide 
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superconducting Wire Will not arise even after the insulating 
layer baking process, as described above. 

[0171] In the oxide superconducting Wire of the present 
invention, the critical tensile stress (tension) and the critical 
bending strain, Which do not decrease the critical current, in 
the insulating layer baking process, Were measured While 
changing the manganese content (Mn concentration) of the 
second covering layer 3 (see FIG. 1). As data on the tensile 
stress, the tensile stresses at room temperature and at high 
temperature (3000 C.) Were measured. The measurement 
results are shoWn in FIG. 5. 

[0172] FIG. 5 is a graph shoWing the relationship among 
the Mn concentration of the second covering layer of the 
oxide superconducting Wire, the critical tensile stress, and 
the critical bending strain. FIG. 5 shoWs that the critical 
tensile stress and the critical bending strain increase as the 
manganese concentration increases. 

[0173] In the above example, the Mn concentration of the 
second covering layer is 0.5%, and the critical bending strain 
in this case is approximately 0.33%, as shoWn in FIG. 5. On 
the other hand, the bending strain in the example is 0.27%, 
as described above, and is smaller than the above-described 
critical bending strain. This also shoWs that the example of 
the present invention can prevent the superconducting prop 
erties from being deteriorated. 

EXAMPLE 2 

[0174] The present inventors produced samples Which 
Were different in material and in thickness of the second 
covering layer 3 serving as a covering layer, as shoWn in 
Table 1. 

TABLE 1 

Comparative Comparative Comparative 
Example Example 1 Example 2 Example 3 

Superconductor Bi-2223 Bi-2223 Bi-2223 Bi-2223 
Material Phase Phase Phase Phase 
Number of 61 61 61 61 
Filaments 
Material of Ag Ag Ag Ag 
Matrix 

(First 
Covering 
Layer) 
Material of Ag- Ag Ag Ag 
Covering 0.3 0.3 
Layer Wt % Mn Wt % Mn 

(Second 
Covering 
Layer) 
Wire Length 3.8 mm 3.8 mm 3.8 mm 3.8 mm 
Wire Breadth 0.24 mm 0.24 mm 0.24 mm 0.24 mm 

Thickness of 40 ,um 55 ,um 40 [um 55 ,um 
Covering 
Layer 
(Second 
Covering 
Layer) 
Critical 60 A 50 A 60 A 50 A 
Current 

(77 K, Self 
Magnetic 
Field) 
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TABLE l-continued 

Comparative Comparative 
Example 1 Example 2 

Comparative 
Example Example 3 

Number of 0 
Bulges After 
Sintering 
Number of 0 
Bulges After 
Soaking 
in Liquid 
Nitrogen for 
About 2 
min. and 
Passage of 
Current of 
about 70 A 

100 or more 0 20 

100 or more 50 20 

[0175] Referring to Table 1, a powder-in-tube method, 
which has been described in the embodiment of the present 
invention, was basically used as a production method for 
oxide superconducting wires of an example of the present 
invention and of Comparative Examples 1 to 3. More 
speci?cally, mixed powder was prepared by mixing Bi2O3, 
PbO, SrCO3, CaCO3, and CuO so that the composition ratio 
(atomic ratio) of BizPbzSrzCazCu is 1.8:0.4:2:2:3. The mixed 
powder was subjected to heat treatment at 700° C. to 850° 
C. and pulveriZation several times, thereby yielding powder 
of precursor. The powder of precursor was ?lled in a ?rst 
silver pipe serving as a ?rst pipelike member so as to 
become a ?rst covering layer 2. Subsequently, the ?rst silver 
pipe ?lled with the powder of precursor was narrowed by 
wire drawing. After that, the narrowed ?rst silver pipe was 
cut to an appropriate length. Apredetermined number (sixty 
one) of ?rst silver pipes thus cut were bundled and were 
inserted into a second pipe made of silver or a silver 
manganese alloy serving as a second pipelike member so as 
to become a second covering layer 3 which has a compo 
sition shown in Table 1. Then, the second silver pipe or 
silver manganese alloy pipe was ?ne-gauged by wire draw 
ing, thereby yielding a multi-core wire having a diameter of 
1.29 mm. The multi-core wire was rolled into a tape-shaped 
wire of a rectangular cross section. The length of the 
tape-shaped wire was 3.8 mm and the breadth (the thickness 
of a ?at portion of the tape-shaped wire) was 0.24 mm. After 
that, the tape-shaped wire was subjected to sintering at 845° 
C. for ?fty hours. An oxide superconducting wire was 
formed from the powder of precursor by the sintering 
operation. In this way, samples of Example and Comparative 
Examples 1 to 3 were yielded. The length of the samples was 
approximately 1 km. The samples were respectively sub 
jected to examination for bulge occurring after sintering, 
measurement of the critical current, and examination of the 
state of bulge after the samples were soaked in liquid 
nitrogen and current is passed therethrough. The results 
thereof are shown in Table 1. 

[0176] As is evident from Table 1, bulges occurred after 
sintering in Comparative Examples 1 and 3. This is because 
gas, which is produced with a reaction that generates an 
oxide superconductor during the sintering process, cannot 
sufficiently pass through the thick second covering layer 3 of 
55 pm thickness in Comparative Examples 1 and 3. 

[0177] In Comparative Example 2, bulge did not occur 
after sintering. This seems to be because the thickness of 40 
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pm of the covering layer is thin enough to allow passage of 
the above-described gas, in a manner similar to that in the 
Example. However, after the sample of Comparative 
Example 2 was soaked in liquid nitrogen for about 2 minutes 
and a current of approximately 70 Aat maximum was passed 
therethrough, many bulges were produced. It can be thought 
that the bulges were produced for the following reasons. 
That is, liquid nitrogen enters the interior of the wire when 
the wire is soaked therein. The entering liquid nitrogen is 
vaporized by Joule’s heat generated by the passage of 
current. The silver covering layer, which has a relatively 
lower strength compared to that of the Example, is pushed 
outside by the nitrogen vaporized inside the wire. In this 
way, many bulges are produced in Comparative Example 2. 

[0178] The wire of the Example was provided with an 
insulating layer 4 made of a polyvinyl formal resin by using 
the method described in the embodiment of the present 
invention. FIG. 6 is a schematic sectional view of an oxide 
superconducting wire having the insulating layer 4 accord 
ing to Example 2 of the present invention. Referring to FIG. 
6, the thickness t1 of a second covering layer 3 at a ?at 
portion of the sample is 40 pm, as shown in Table 1. Since 
the ?at portion constitutes a large proportion of the surface 
of the tape-shaped oxide superconducting wire, when the 
thickness of the second covering layer 3 at the ?at portion is 
within the range of 10 pm to 50 pm, the above-described 
advantages of the oxide superconducting wire of the present 
invention can be provided more reliably. 

[0179] Samples having insulating layers 4 having different 
thickness t2 were prepared. The dielectric breakdown AC 
voltages of the insulating layers 4 of the samples were 
measured by a foil method. Some of the samples whose 
insulating layers 4 have thickness of less than 5 pm were 
conducting at the time of measurement. The samples having 
an insulating layer 4 of 14 pm in thickness showed a 
dielectric breakdown voltage of an average of 1100 V to 
1350 V. 

EXAMPLE 3 

[0180] In a production procedure similar to that of 
Example 2, samples of oxide superconducting wires, which 
included second covering layers 3 having different thick 
ness, were produced. The speci?cations of the samples are 
basically similar to those of the samples in Example 2 of the 
present invention (see Table 1) except for the thickness of 
the second covering layers 3. Measurements were taken of 
the critical tensile stress that does not decrease the critical 
current, the critical current density (Jc), and the bulge 
occurringElrate during a sintering process for producing an 
oxide superconductor of each sample. The results of the 
measurements are shown in FIG. 7. FIG. 7 is a graph 
showing the relationship among the thickness of the second 
covering layer 3, the critical tensile stress, the critical current 
density, and the bulge occurring rate during a sintering 
process for producing an oxide superconductor. 

[0181] FIG. 7 shows that many bulges are produced in the 
sintering process when the thickness of the second covering 
layer 3 exceeds 50 pm. When the second covering layer 3 
had a thickness less than 10 pm, they were cracked in a 
sample production process. It is also shown that, when the 
thickness t1 of the ?at portion of the second covering layer 
3 is within the range of 20 pm to 40 pm, few bulges are 




