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©  Oxide-based  superconductor,  a  process  for  preparing  the  same  and  a  wire  material  of  comprising 
the  same. 
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©  An  oxide-based  superconductor  comprising  Tl, 
Pb,  Sr,  Ca  and  Cu  or  Tl,  Pb,  Ba,  Sr,  Ca  and  Cu, 
prepared  by  subjecting  a  low  melting  point  composi- 
tion  (3)  comprising  the  superconductor-constituting 
elements  and  a  solid  composition  (4)  comprising  the 
superconductor-constituting  elements,  prepared  in 
advance,  to  reaction  under  melting  conditions  for  the 
low  melting  point  composition  (3),  has  distinguished 
current  pass  characteristics  in  a  high  magnetic  field 
due  to  improvement  of  electric  contact  among  grains 
through  reduction  of  non-superconductor  phase,  in- 
crease  in  crystal  grain  sizes  (reduction  of  crystal 
boundaries),  orientation  of  crystal  and  cleaning  of 
crystal  boundaries. 
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BACKGROUND  OF  THE  INVENTION 

1)  Field  of  the  Invention 

The  present  invention  relates  to  an  oxide-based 
superconductor,  formed  by  reaction  of  a  low  melt- 
ing  point  composition  with  a  solid  composition,  a 
process  for  producing  the  same  and  a  wire  material 
comprising  the  same. 

2)  Related  Prior  Art 

It  is  known  that  oxide-based  superconductors 
comprising  Tl,  Pb,  Sr,  Ca  and  Cu  have  a  high 
critical  temperature,  and  magnetically  determined 
critical  current  densities  of  their  superconductor 
grains  are  high  at  77  K  in  a  high  magnetic  field. 
Thus,  oxide-based  superconductors  comprising  Tl, 
Pb,  Sr,  Ca  and  Cu  are  promising  materials  for 
superconducter  wire  materials,  thin  film  devices, 
etc.  for  use  at  a  liquid  nitrogen  temperature  in  a 
high  magnetic  field. 

Further,  it  is  well  known  in  the  process  for 
preparing  oxide  superconductors  to  utilize  a  diffu- 
sion  reaction  between  two  kinds  of  substances, 
which  each  comprise  a  combination  of  oxide  super- 
conductor-constituting  elements  [Spring  Annual 
Conference  of  Teion  Kogaku-Tyodendo  Gakkai 
(Cryogenic-superconductor  Society),  Lectures, 
page  98  (1988)  and  page  121  (1990)]. 

It  has  been  a  problem  that  the  critical  transport 
current  densities  of  bulk  materials,  wire  materials, 
thin  films,  etc.  prepared  from  an  oxide-based 
superconductor  comprising  Tl,  Pb,  Ba,  Sr,  Ca  and 
Cu  are  considerably  lower  than  the  above-men- 
tioned  magnetically  determined  critical  current  den- 
sities  of  crystal  grains,  and  thus  it  has  been  difficult 
to  use  the  oxide-based  superconductor  in  desired 
products  through  which  a  superconducted  current 
is  actually  to  pass.  The  decrease  in  the  current 
density  of  the  superconductor  members  formed 
therefrom  is  mainly  due  to  insufficient  formation  of 
transport  current  paths  within  the  members.  For 
example,  non-superconductor  phases  present  in 
the  superconductor  materials  directly  inhibit  forma- 
tion  of  current  paths.  Furthermore,  difference  in  the 
orientation  of  growth  of  adjacent  superconductor 
crystal  grains  themselves  or  disturbances  or  de- 
fects  formed  at  their  boundaries  give  an  adverse 
effect  on  the  electrical  characteristics  among  the 
crystal  grains.  In  order  to  realize  the  distinguished 
characteristics  properly  possessed  by  an  oxide  su- 
per-conductor  comprising  Tl,  Pb,  Sr,  Ca  and  Cu 
such  as  a  high  current  density  in  the  members 
formed  therefrom,  it  has  been  necessary  to  im- 
prove  the  electric  contact  among  the  grains  by 
reducing  the  non-superconductor  phases,  increas- 
ing  the  crystal  grain  sizes  (reducing  the  crystal 

boundaries),  orienting  the  crystals,  and  cleaning  the 
crystal  boundaries. 

SUMMARY  OF  THE  INVENTION 
5 

A  object  of  the  present  invention  is  to  solve 
these  problems  and  to  provide  an  oxide-based 
superconductor  having  distinguished  current  pass- 
ing  characteristics  in  a  high  magnetic  field  by  im- 

io  proving  the  electric  contact  among  superconductor 
grains,  and  a  process  for  producing  the  same. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

75  According  to  the  present  oxide-based  super- 
conductor  and  process  for  producing  the  same, 
there  is  provided  an  oxide-based  superconductor 
comprising  Tl,  Pb,  Sr,  Ca  and  Cu  or  Tl,  Pb,  Ba,  Sr, 
Ca  and  Cu,  obtained  by  heat  treating  a  body  com- 

20  prising  a  low  melting  point  composition  comprising 
the  above-mentioned  elements  and  having  a  melt- 
ing  point  of  not  higher  than  880  °C  and  a  solid 
composition  comprising  the  above-mentioned  ele- 
ments  and  having  a  melting  point  of  not  lower  than 

25  950  °C  under  such  a  condition  as  to  partly  or 
entirely  melt  the  low  melting  point  composition, 
thereby  increasing  crystal  grain  sizes  of  the  oxide- 
based  superconductor  and  improving  the  electric 
contact  among  the  crystal  grains,  wherein  it  is 

30  preferable  that  non-superconductor  grains  com- 
posed  of  Sr,  Ca  and  Cu  and  having  grain  sizes  of 
not  more  than  5  urn  are  included  in  crystals  of  the 
oxide-based  superconductor  and  a  ratio  of  volume 
of  a  non-superconductor  composed  of  Ba  and  Pb 

35  to  total  volume  of  the  non-superconductor  is  not 
more  than  5%. 

Various  constitutions  and  composition  ratios  of 
the  low  melting  point  composition  and  the  solid 
composition  can  be  selected,  and  it  is  preferable  to 

40  make  the  selection  so  as  to  obtain  a  composition 
ratio  equal  to  the  stoichiometric  ratio  of  all  the 
elements  that  constitute  the  desired  oxide-based 
superconductor.  A  mixing  ratio  of  the  low  melting 
point  composition  to  the  solid  composition  can  be 

45  selected  in  excess  of  the  solid  composition-con- 
stituting  elements  over  the  stoichiometric  ratio  of  all 
the  elements  that  constitute  the  desired  oxide- 
based  superconductor. 

As  the  solid  composition,  not  only  (Sn-xCax)- 
50  2CUO3,  wherein  x  =  0  to  1,  (Sr1-xCax)Cu02, 

wherein  x  =  0  to  1,  superconductors  comprising 
Tl,  Sr,  Ca  and  Cu  or  Tl,  Sr,  Ba,  Ca  and  Cu,  but  also 
various  other  superconductors  can  be  selected.  As 
the  low  melting  point  composition,  on  the  other 

55  hand,  various  compositions  capable  of  forming  a 
liquid  melt  under  firing  conditions  can  be  selected. 
Compositions  comprising  Tl,  Pb,  Ba  and  Cu  or  Pb, 
Ca  and  Cu,  or  Pb  and  Cu  are  preferable. 

2 
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As  conditions  for  forming  a  superconductor 
from  a  body  of  the  low  melting  point  composition 
and  the  solid  composition,  various  temperatures, 
periods  of  time  or  gas  atmospheres  can  be  se- 
lected  according  to  compositions  to  be  employed, 
particularly  characteristics  of  the  low  melting  point 
composition,  and  desired  superconductor  proper- 
ties.  Heat  treatment  temperature  is  desirably  lower 
than  the  temperature  at  which  the  desired  oxide- 
based  superconductor  is  decomposed  to  form  a 
liquid  melt.  Furthermore,  it  is  preferable  to  conduct 
the  heat  treatment  within  a  temperature  range  of 
±50  °C  from  the  melting  temperature  of  the  low 
melting  point  composition.  The  body  can  be  heat 
treated  by  heating  the  entire  body  at  a  predeter- 
mined  temperature  in  an  ordinary  electric  furnace, 
or  by  successively  moving  a  locally  heating  zone 
that  can  heat  only  part  of  the  body  at  a  predeter- 
mined  temperature  along  the  body.  As  a  heating 
source  for  the  heat  treatment,  a  heater,  a  high 
frequency  induction  coil,  a  light-focussing  lamp,  a 
laser,  etc.  can  be  used.  Various  reaction  time  can 
be  selected  in  view  of  reaction  temperature,  and 
when  a  higher  temperature  than  the  decomposition 
temperature  of  the  desired  superconductor  is  em- 
ployed,  it  is  preferable  that  the  reaction  time  is  not 
more  than  5  hours. 

Contact  of  the  low  melting  point  composition  to 
the  solid  composition  can  be  made  by  mixing 
these  two  compositions  together  in  a  pulverized 
state  (mixture  form)  or  placing  these  two  composi- 
tions  in  a  discrete  form  from  each  other  or  in  the 
structural  form  of  single  lamination  or  a  plurality  of 
successive  laminations  of  layers  each  of  these  two 
compositions.  Various  forms,  such  as  an  ingot 
form,  a  wire  form,  a  tape  form,  a  disk  form,  etc.  can 
be  selected.  These  compositions  can  be  formed  on 
a  substrate  composed  of  a  single  material  or  a 
plurality  of  materials  or  in  a  hollow  member  of  a 
single  material  or  a  plurality  of  materials  as  a 
supporting  member.  The  formation  can  be  made 
directly  not  only  from  powders  of  the  respective 
compositions,  but  also  from  slurries  each  of  these 
two  composition  dispersed  in  a  solvent  or  by  var- 
ious  film-forming  procedures. 

In  the  production  of  a  desired  superconductor 
by  heat  treatment  of  a  body  comprising  a  low 
melting  point  composition  and  a  solid  composition, 
the  present  invention  is  characterized  principally  by 
allowing  a  low  melting  point  composition  compris- 
ing  the  superconductor-constituting  elements,  pre- 
pared  in  advance,  to  react  with  a  solid  composition 
comprising  the  superconductor-constituting  ele- 
ments,  prepared  in  advance,  under  a  conditions  for 
partly  or  entirely  melting  the  low  melting  point 
composition.  In  the  present  invention,  solid-liquid 
reactions  are  carried  out  under  various  conditions 
by  properly  selecting  the  low  melting  point  com- 

position,  and  thus  acceleration  of  reaction  rate  due 
to  the  presence  of  a  liquid  melt,  improvement  of 
sinterability,  growth  of  crystal  grains,  etc.  can  be 
attained  as  advantages  under  most  suitable  con- 

5  ditions  for  producing  the  desired  superconductor. 
Essential  conditions  for  the  solid  composition 

for  use  in  the  present  reaction  include  a  high 
reactivity  with  a  liquid  melt,  and  pore  volume  and 
specific  surface  area  large  enough  to  effectively 

io  retain  the  liquid  melt  in  pores  and  provide  satisfac- 
tory  reaction  sites.  On  the  other  hand,  complete 
melting  in  the  reaction  temperature  range  and  for- 
mation  and  successive  presence  of  a  homoge- 
neous  liquid  melt  are  essential  for  the  low  melting 

is  point  composition.  It  is  also  essential  for  the  com- 
position  of  the  solid  composition  and  the  low  melt- 
ing  point  composition  that  these  two  compositions 
have  a  high  mutual  reactivity  and  no  other  reaction 
products  than  the  desired  superconductor  are 

20  formed  by  reaction  of  these  two  compositions. 
Thus,  it  is  desirable  that  the  element  ratio  of  these 
two  compositions  in  combination  is  equal  to  the 
element  ratio  of  the  desired  superconductor.  A 
mixing  ratio  of  the  solid  composition  to  the  low 

25  melting  point  composition  must  be  so  adjusted  that 
no  other  components  than  those  for  the  desired 
superconductor  may  remain  in  principle  but  in  or- 
der  to  prevent  inhibition  of  mutual  contact  of  the 
crystal  grains  of  the  formed  superconductor  to  a 

30  maximum  due  to  remaining  of  unreacted  liquid 
phases  selectively  among  the  crystal  grains,  it  is 
necessary  that  the  amount  of  the  solid  composition 
is  slightly  in  excess  of  the  stoichiometric  amount. 
In  the  present  invention  that  has  taken  these  essen- 

35  tial  conditions  into  consideration,  formation  of  a 
foreign  phase  composed  of  Ba  and  Pb  selectively 
among  the  superconductor  crystal  gains,  which  has 
been  often  encountered  in  other  processes  than 
the  present  process,  can  be  suppressed. 

40  Depending  on  selection  of  the  low  melting 
point  composition  and  the  solid  composition,  there 
may  be  such  a  case  that  the  solid  composition 
dissolves  into  the  liquid  phase  of  the  low  melting 
point  composition  and  a  superconductor  is 

45  precipitated  therefrom  as  a  reaction  product.  In 
case  of  this  reaction  route,  growth  of  superconduc- 
tor  can  be  promoted  by  adding  seed  crystals  ca- 
pable  of  serving  as  neuclei  for  growth  of  supercon- 
ductor  to  the  body  in  advance.  Substances  capable 

50  of  existing  stably  under  reaction  conditions  and 
having  a  similar  structure  to  the  crystal  structure  of 
the  desired  superconductor  are  desirable  as  seed 
crystals. 

(Sn-xCa^CuOs,  wherein  x  =  0  to  1,  selected 
55  as  one  of  the  solid  compositions  has  a  small  spe- 

cific  surface  area  and  a  small  pore  volume,  be- 
cause  it  is  prepared  at  such  a  high  temperature  as 
950  °C  in  air.  However,  (Sn-xCa^CuOs  is  de- 

3 
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composed  into  (S^-nCa^i  C11O2  having  a  higher 
reactivity  and  CaO  by  action  with  Tl,  whereby  the 
specific  surface  area  and  pore  volume  can  be 
made  larger.  Thus,  the  former  is  effective  as  the 
solid  composition.  In  case  of  a  low  melting  com- 
position  comprising  Tl.,  Sr,  Ca  and  Cu  or  Tl,  Sr, 
Ba,  Ca  and  Cu,  a  liquid  melt  such  as  Tl  is  formed 
initially  in  the  temperature-elevating  step,  and  Tl  in 
the  initial  liquid  melt  reacts  with  (Sn-xCa^CuOs, 
as  mentioned  above,  to  produce  (Sh-nCa^i  CuCfe 
having  a  higher  reactivity,  and  the  reaction  pro- 
ceeds  while  forming  liquid  melts  successively. 
(Sh-nCa^  Cu02  itself  has  a  higher  reactivity  with 
liquid  melts  and  also  can  be  prepared  at  a  rela- 
tively  low  temperature  and  thus  can  have  a  larger 
specific  surface  area  and  a  larger  pore  volume. 

In  case  of  an  oxide-based  superconductor 
comprising  Tl,  Ba,  Sr,  Ca  and  Cu  as  another  solid 
composition,  for  example,  TI(Ba,  Sr)2Ca2Cu3  0x, 
some  of  Tl  sites  are  replaced  with  Pb,  and  thus 
when  there  is  a  Pb-containing  liquid  melt  in  contact 
with  the  super-conductor,  a  phase  of  (Tl,  Pb)  (Ba, 
Sr)2Ca2Cu3  0x  having  a  higher  contactibility  can  be 
obtained  through  mutual  diffusion  of  Tl  and  Pb 
between  the  solid  composition  and  the  liquid  melt. 
In  case  of  TIBa2Ca2Cu3  0x  or  TISr2Ca2Cu3  0x  as  a 
solid  composition,  a  similar  effect  can  be  obtained 
by  the  presence  of  a  Pb-containing  liquid  melt.  A 
PbO-CaO-CuO  system  and  a  Pbo-CuO  system  are 
preferable  as  Pb-containing  low  melting  composi- 
tions,  because  they  can  melt  at  a  temperature  of 
not  higher  than  875  °C  in  a  relatively  wide  com- 
position  range. 

When  an  oxide-based  superconductor  is  pro- 
duced  above  the  decomposition-melting  tempera- 
ture,  promotion  of  reaction  and  improvement  of 
sinterability  can  be  made  to  some  extent,  but  de- 
position  of  a  large  proportion  of  foreign  phases  is 
often  observed.  In  the  present  invention  the  heat 
treatment  temperature  can  be  made  lower  than  the 
decomposition-melting  temperature  of  the  oxide- 
based  superconductor  by  proper  selection  of  a  low 
melting  point  composition  and  a  solid  composition, 
while  taking  advantage  of  high  temperature  reac- 
tion. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  cross-sectional  view  of  a  body  after 
heat  treatment. 

Fig.  2  is  a  cross-sectional  view  of  a  body 
before  heat  treatment. 

Fig.  3  is  a  diagram  showing  characteristics  of 
melting  process  of  a  low  melting  point  composition 
A. 

Fig.  4  is  a  picture  showing  a  crystal  structure 
of  the  cross-section  of  a  superconductor. 

Fig.  5  is  a  picture  showing  a  crystal  structure 
of  the  cross-section  of  another  superconductor. 

Fig.  6  is  a  picture  showing  a  crystal  structure 
of  the  cross-section  of  other  superconductor. 

5  Fig.  7  is  a  picture  showing  a  crystal  structure 
of  the  cross-section  of  a  further  superconductor. 

PREFERRED  EMBODIMENTS  OF  THE  INVEN- 
TION 

10 
The  present  invention  will  be  explained  in  detail 

below,  referring  to  Examples. 

Example  1 
15 

TI2O3,  PbO,  BaO  and  CuO  were  weighed  out  in 
an  atomic  ratio  of  TI:Pb:Ba:Cu  =  0.5:0.5:0.4:1,  and 
mixed  and  ground  in  an  agate  mortar  for  30  min- 
utes  to  prepare  a  low  melting  point  composition  A. 

20  Thermal  characteristics  of  the  thus  obtained  pow- 
dery  composition  A  were  measured  by  a  differen- 
tial  thermal  balance  at  a  temperature  increase  rate 
of  10°C/min  in  air,  and  it  was  found  that  there  were 
endothermic  peaks  in  a  temperature  range  1  of 

25  690  °C  to  750  °C  and  a  temperature  range  2  of 
790  °C  to  920  °C,  respectively,  due  to  the  melting 
as  shown  in  Fig.  3.  Furthermore,  the  powdery  com- 
position  was  filled  into  a  magnetic  pipe,  heated  at 
875  °C  for  30  minutes,  and  then  put  into  water 

30  together  with  the  magnetic  pipe  to  quench  the 
powdery  composition  A.  The  powdery  composition 
A  was  found  to  be  in  a  completely  melt-solidified 
state.  Analysis  thereof  by  an  X-ray  diffraction  ana- 
lyzer,  a  scanning  electron  microscope  and  an  X-ray 

35  microanalyzer  revealed  that  most  thereof  was  in  a 
melt-solidified,  amorphous  phase,  in  which  a  very 
small  amount  of  BaPb03  and  CuO  particles  were 
dispersed. 

SrO,  CaO  and  CuO  were  weighed  out  in  a 
40  atomic  ratio  of  Sr:Ca:Cu  =  1:1:1,  and  mixed  and 

ground  in  an  agate  mortar  for  30  minutes,  then 
molded  into  pellets,  20  mm  in  diameter,  by  press- 
ing  and  fired  at  950  0  C  in  air  for  20  hours.  The  thus 
obtained  fired  pellets  were  ground  in  an  agate 

45  mortar  for  30  minutes  to  prepare  a  solid  composi- 
tion  A.  The  thus  obtained  powdery  solid  composi- 
tion  A  was  analyzed  by  an  X-ray  diffraction  ana- 
lyzer  and  found  to  be  in  the  form  of  (Sr0.5Ca0.5)- 
2Cu03. 

50  Pellets  with  the  structure  shown  in  Fig.  2,  15 
mm  in  outer  diameter  and  10  mm  thick,  were 
prepared  from  1  g  of  the  low  melting  point  A  as  3 
in  Fig.  2  and  10  g  of  the  solid  composition  A  as  4 
in  Fig.  2.  The  pellets  were  fired  at  875  °C  in  air  for 

55  4  hours,  and  it  was  found  that  a  diffusion  reaction 
phase  5,  about  1  urn  thick,  was  formed  at  the 
boundary  surface  between  these  two  compositions 
3  and  4,  as  shown  in  Fig.  1.  Textural  structure  of 

4 
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the  reaction  phase  is  shown  in  Fig.  4.  The  reaction 
phase  comprised  a  superconductor  phase  6  repre- 
sented  by  the  composition  formula  (Sr0.8Ba0.2)- 
2Ca2Cu3  0x  as  the  main  phase  and  foreign  phases 
7,  about  2  to  about  5  urn  in  grain  size,  of 
(Sr0.iCa0.9)2CuO3,  as  included  in  the  crystal  grains 
of  the  main  phase.  No  other  foreign  phases  that 
can  deposit  selectively  among  the  crystal  grains  of 
superconductor  to  inhibit  the  contact  of  the  grain 
boundaries,  such  as  BaPb03,  were  found  at  all. 
The  thus  obtained  superconductor  layer  was  cut 
out  and  its  critical  temperature  was  measured  by 
the  ordinary  4-probe  procedure  and  found  to  be 
122  K. 

Example  2 

SrO,  CaO  and  CuO  were  weighed  out  in  an 
atomic  ratio  of  Sr:Ca:Cu  =  0.8:1.2:1  and  mixed  in 
the  same  manner  as  in  Example  1  to  prepare  a 
solid  composition  B  of  (Sr0.4Cao.6)2Cu03.  The  low 
melting  point  composition  A  was  heated  at  900  °  C 
for  30  minutes,  and  the  resulting  heat-treated  low 
melting  point  composition  A  was  mixed  with  the 
solid  composition  B  in  an  atomic  ratio  of 
TI:Ba:Sr:Ca:Cu  =  1.0:0.4:1.6:2.0:3.0,  and  ground  in 
an  agate  mortar  for  30  minutes.  Then,  the  thus 
obtained  powdery  mixture  was  filled  in  an  Ag  pipe, 
6  mm  in  outer  diameter  and  4  mm  in  inner  diam- 
eter,  and  the  filled  pipe  was  drawn  to  an  outer 
diameter  of  0.5  mm,  and  then  rolled  to  a  thickness 
of  0.1  mm.  The  thus  obtained  Ag-clad  wire  material 
was  fired  at  870  °C  for  10  hours.  The  superconduc- 
tor  of  the  thus  obtained  wire  material  had  substan- 
tially  the  same  textural  structure  as  shown  in  Fig.  4. 
Critical  current  densities  of  the  wire  material  at  77 
K  in  zero  magnetic  field  and  at  1  T  were  measured 
by  a  current  pass  procedure,  and  found  to  be 
15,000  A/cm2  and  1,000  A/cm2,  respectively. 

Example  3 

The  low  melting  point  composition  A  and  the 
solid  composition  A  were  kneaded  with  n-butyl 
acetate,  respectively,  to  prepare  the  respective 
pastes.  The  paste  of  the  solid  composition  A  was 
applied  to  an  Ag  tape,  5  mm  wide  and  0.2  mm 
thick,  to  a  thickness  of  0.1  mm,  dried  and  then 
pressed.  Then,  the  paste  of  the  low  melting  point 
composition  A  was  applied  thereto  until  an  atomic 
ratio  of  TI:Cu  =  1.0:3.0  was  obtained,  and  then 
dried  and  pressed.  Then,  the  thus  obtained  tape- 
formed  wire  material  was  fired  at  875  °C  for  4 
hours.  Cross-section  of  the  tape-formed  wire  ma- 
terial  is  shown  in  Fig.  5,  where  a  superconductor 
phase  composed  of  (Tlo.5Pbo.5)  (Sr0.8Ba0.2)- 
2Ca2Cu3  0x  was  formed  on  the  Ag  tape  10.  Critical 
current  densities  of  the  thus  obtained  wire  material 

were  measured  at  77  K  in  zero  magnetic  field  and 
at  1  T  by  a  current  pass  procedure,  and  found  to 
be  on  the  same  levels  as  in  Example  2;  respec- 
tively. 

5 
Comparative  Example  1 

TI2O3,  PbO,  BaO,  SrO,  CaO  and  CuO  were 
weighed  out  in  atomic  ratio  of  Ba:Sr:Ca:Cu  = 

70  0.4:1.6:2:3,  and  mixed  and  ground  in  an  agate 
mortar  for  30  minutes  and  fired  at  880  0  C  in  air  for 
10  hours.  Then,  TI2O3  and  PbO  were  added  to  the 
resulting  intermediate  product  to  make  an  atomic 
ratio  of  TI:Pb:Ba:Sr:Ca:Cu  =  0.5:0.5:0.4:1.6:2:3,  and 

75  the  resulting  mixture  was  mixed  and  ground  for  30 
minutes,  and  then  molded  into  primary  pellets. 
Then,  the  primary  pellets  were  fired  at  880  °C  for 
10  hours  to  prepare  a  superconductor  of 
(Tlo.sPbo.s)  (Sro.8Bao.2)2Ca2Cu3  0x.  At  this  stage,  the 

20  resulting  superconductor  contained  foreign  phases 
of  BaPb03  and  Sr-Ca-Cu-0  and  also  had  small 
crystal  grains.  The  superconductor  was  further  fired 
at  880  °C  for  200  hours.  Cross-sectional  textural 
structure  of  the  thus  obtained  pellets  is  shown  in 

25  Fig.  6.  Crystal  grains  of  the  superconductor  6  were 
grown  to  grain  sizes  of  10  to  15  urn  due  to  the 
prolonged  firing,  and  at  the  same  time  BaPb03  was 
deposited  selectively  among  grains  at  the  bound- 
aries  together  with  large  growth  of  foreign  phases 

30  (Sr-Ca-Cu-O)  8.  The  resulting  pellets  had  a  critical 
current  density  of  500  A/cm2  at  77  K  in  zero 
magnetic  field. 

Comparative  Example  2 
35 

The  primary  pellets  of  Comparative  Example  1 
were  kept  at  970  °C  for  3  hours  and  then  slowly 
cooled  at  a  rate  of  1°C/min.  and  successively 
annealed  at  880  °C  for  16  hours.  Cross-sectional 

40  textural  structure  of  the  annealed  pellets  is  shown 
in  Fig.  7.  Crystal  grains  of  the  superconductor  were 
made  larger  than  those  of  Comparative  Example  1 
by  the  heat  treatment  at  the  higher  temperature, 
and  a  proportion  of  precipitated  foreign  phases  8 

45  and  9  was  also  increased.  The  thus  obtained  pel- 
lets  had  a  critical  current  density  of  500  A/cm2  at 
77  K  in  zero  magnetic  field. 

Firing  above  the  decomposition-melting  tem- 
perature  of  the  superconductor  (880  0  C)  can  make 

50  the  crystals  of  the  superconductor  further  grow 
when  there  is  a  liquid  melt,  but  the  current  paths 
are  considerably  hindered  by  the  simultaneous 
growth  of  foreign  phases  and  particularly  precipita- 
tion  of  BaPb03  at  the  grain  boundaries. 

55 

5 
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Example  4 

BaO  and  CuO  were  weighed  out  in  an  atomic 
ratio  of  Ba:Cu  =  7:18  and  mixed  and  ground  in  an 
agate  mortar  for  30  minutes  and  molded  into  pel- 
lets,  20  mm  in  diameter,  by  pressing  and  fired  at 
900  °C  in  air  for  10  hours.  The  thus  obtained  fired 
pellets  were  again  ground  and  molded  into  pellets, 
and  fired  at  the  same  temperature  for  10  hours.  As 
a  result  of  X-ray  diffraction  analysis,  the  resulting 
fired  pellets  were  in  the  form  of  crystal  mixture  of 
BaCu02  and  CuO.  Then,  0.5  atoms  each  of  Tl  and 
Pb  were  added  as  TI2O3  and  PbO,  respectively,  to 
the  fired  pellets  on  the  basis  of  one  atom  of  Cu, 
and  mixed  and  ground  in  an  agate  mortar  to  pre- 
pare  a  low  melting  point  powdery  composition  B. 
Thermal  characteristics  of  the  powdery  composition 
B  were  measured  by  a  differential  thermal  balance 
at  a  temperature  increase  rate  of  10°C/min  in  air, 
and  it  was  found  that  there  were  endothermic 
peaks  in  a  temperature  range  of  690  0  C  to  750  0  C 
and  another  temperature  range  of  790  0  C  to  920  0  C 
due  to  the  melting.  Furthermore,  the  powdery  com- 
position  B  was  filled  in  a  magnetic  pipe,  heated  at 
875  °C  for  30  minutes,  and  then  put  into  water 
together  with  the  magnetic  pipe  to  quench  the 
powdery  composition  B.  The  powdery  composition 
B  was  found  in  a  completely  melt-solidified  state, 
but  no  particles  of  BaPb03  were  found  substan- 
tially  in  contrast  to  the  low  melting  point  composi- 
tion  A. 

The  solid  composition  A  [(Sr0.5Cao.5)2Cu03] 
prepared  from  SrO,  CaO  and  CuO  in  an  atomic 
ratio  of  Sr:Ca:Cu  =  1:1:1  and  the  low  melting  point 
B  were  molded  into  pellets  with  the  structure  as 
shown  in  Fig.  2,  15  mm  in  outer  diameter  and  10 
mm  thick,  by  pressing.  The  pellets  were  fired  at 
875  0  C  in  air  for  4  hours,  and  a  compact  supercon- 
ductor  layer  represented  by  the  composition  for- 
mula,  (Tlo.5Pb0.5)  (Sr0.8Ba0.2Ca2Cu3Ox)2  was  formed 
at  the  boundary  surface  between  these  two  com- 
positions  to  a  thickness  of  about  1  mm,  and  grains 
of  (Sr0.iCa0.9)2CuO3  having  particle  sizes  of  not 
more  than  1  mm  were  included  in  the  crystal 
grains.  No  foreign  phases  of  BaPb03  were  found  at 
all.  The  superconductor  layer  was  cut  out  and  its 
critical  temperature  was  measured  by  the  ordinary 
four-probe  procedure  and  found  to  be  123  K. 

Example  5 

The  low  melting  point  composition  B  was  heat- 
ed  at  900  0  C  for  30  minutes,  and  the  resulting  fired 
low  melting  composition  B  and  the  solid  composi- 
tion  A  were  mixed  and  ground  in  an  agate  mortar 
for  30  minutes  to  make  an  atomic  ratio  of 
TI:Ba:Sr:Ca:Cu  =  1.0:0.4:2:2:3.  The  thus  obtained 
powdery  mixture  was  filled  in  an  Ag  pipe,  6  mm  in 

outer  diameter  and  4  mm  in  inner  diameter,  and 
the  filled  pipe  was  drawn  to  an  outer  diameter  of 
0.5  mm  and  rolled  to  a  thickness  of  0.1  mm.  The 
resulting  Ag-clad  wire  material  was  fired  at  860  0  C 

5  in  air  for  6  hours.  The  thus  obtained  superconduc- 
tor  of  the  wire  material  had  substantially  the  same 
textural  structure  as  shown  in  Fig.  4.  Critical  current 
densities  of  the  wire  material  at  77  K  in  zero 
magnetic  filled  and  at  1  T,  were  measured  by  a 

10  current  pass  procedure  and  found  to  be  20,000 
A/cm2  and  2,500  A/cm2,  respectively. 

Example  6 

15  10%  by  weight  of  crystal  grains  of 
Tlo.5Pbo.5Sr2Ca2Cu3  0x  superconductor  was  added 
to  the  powdery  mixture  of  Example  5  and  an  Ag- 
clad  wire  material  was  prepared  therefrom  in  the 
same  manner  as  in  Example  5.  The  wire  material 

20  was  fired  at  860  0  C  in  air  for  6  hours.  Volume  ratio 
of  the  superconductor  in  terms  of  magnetic  sus- 
ceptibility  was  improved  to  98%  from  93%  of  the 
material  of  Example  5. 

25  Example  7 

The  low  melting  point  composition  B  and  the 
solid  composition  A  were  kneaded  with  n-butyl 
acetate,  respectively,  to  prepare  the  respective 

30  pastes.  The  paste  of  the  solid  composition  A  was 
applied  to  an  Ag  tape,  5  mm  wide  and  0.2  mm 
thick,  to  a  thickness  of  0.1  mm,  dried  and  pressed. 
Then,  the  paste  of  the  low  melting  point  composi- 
tion  B  was  applied  thereto  until  an  atomic  ratio  of 

35  TI:Ba:Sr:Ca:Cu  =  1.2:0.4:2:2:4  was  obtained,  and 
then  dried  and  pressed.  The  thus  obtained  Ag  tape 
wire  material  was  fired  at  875  0  C  in  air  for  4  hours. 
Critical  current  densities  of  the  wire  material  at  77 
K  in  zero  magnetic  field  and  at  1  T  were  measured 

40  by  a  current  pass  procedure  and  found  to  be 
20,000  A/cm2  and  1  ,500  A/cm2,  respectively. 

Example  8 

45  The  non-fired  Ag  tape  wire  material  of  Example 
7  was  subjected  to  zone  melting  growth  process, 
where  a  heating  zone,  5  mm  long  in  the  longitudi- 
nal  direction,  with  a  maximum  temperature  of 
870  °C  based  on  a  focussed  lamp  heating,  was 

50  travelled  at  a  speed  of  10  mm/h  in  the  longitudinal 
direction  of  the  tape.  The  thus  obtained  supercon- 
ductor  layer  was  composed  of  crystal  grains  whose 
C  axis  was  oriented  in  the  direction  perpendicular 
to  the  tape  surface,  and  its  critical  current  densities 

55  at  77  K  and  1  T  reached  4,000  A/cm2,  respectively. 

6 
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Example  9 

PbO  and  CuO  were  mixed  and  ground  in  an 
atomic  ratio  of  Pb:Cu  =  0.78:0.22  in  an  agate 
mortar  for  30  minutes  to  prepare  a  low  melting 
point  powdery  composition  C.  Differential  thermal 
analysis  thereof  showed  a  sharp  endothermic  peak 
at  805  °  C.  Like  the  low  melting  point  compositions 
A  and  B,  the  powdery  composition  C  was  heated  at 
810  °C  for  30  minutes  and  put  into  water.  The  thus 
obtained  composition  C  was  in  a  completely  melt 
state,  and  no  non-melt  particles  were  found  at  all 
even  by  analysis  by  an  X-ray  diffraction  analyzer,  a 
scanning  slectron  microscope  and  an  X-ray 
microanalyzer. 

BaO,  SrO,  CaO  and  CuO  were  weighed  out  to 
make  an  atomic  ratio  of  Ba:Sr:Ca:Cu  =  0.4:1.6:2:3, 
and  mixed  and  ground  in  an  agate  mortar  for  30 
minutes  and  molded  into  pellets,  20  mm  in  diam- 
eter,  by  pressing.  Then,  the  pellets  were  fired  at 
880  °C  in  air  for  20  hours.  Then,  TI2O3  was  added 
to  the  fired  pellets  to  make  an  atomic  ratio  of 
TI:Ba:Sr:Ca:Cu  =  1.2:0.4:1.6:2.0:3.0,  and  ground  in 
an  agate  mortar  for  30  minutes.  After  molding  by 
pressing,  the  resulting  moldings  were  sealed  into  a 
sealed  magnetic  container  and  fired  at  870  °C  for 
20  hours.  The  fired  moldings  were  ground  in  an 
agate  mortar  to  obtain  a  solid  powdery  composition 
C.  It  was  found  by  X-ray  diffraction  analysis  that 
the  thus  obtained  powdery  composition  C  con- 
tained  at  least  90%  of  superconductor  represented 
by  the  composition  formula  Th  (Sr0.8Ba0.2)- 
2Ca2Cu3  0x. 

The  low  melting  point  composition  C  was  heat- 
ed  at  810  °C  for  30  minutes,  and  the  fired  low 
melting  point  composition  C  was  mixed  with  the 
solid  composition  C  in  an  atomic  ratio  of  Pb  in  the 
low  melting  point  composition  C  to  Tl  in  the  solid 
composition  C  of  1:1,  and  ground  in  an  agate 
mortar  for  30  minutes.  Then,  the  thus  obtained 
powdery  mixture  was  filled  in  an  Ag  pipe,  6  mm  in 
outer  diameter  and  4  mm  in  inner  diameter,  and 
the  filled  pipe  was  drawn  to  an  outer  diameter  of 
0.5  mm  and  then  rolled  to  a  thickness  of  0.1  mm. 
Then,  the  Ag-clad  wire  material  was  fired  at  850  °C 
in  air  for  30  hours.  It  was  found  from  X-ray  diffrac- 
tion  pattern  of  the  superconductor  part  of  the  thus 
obtained  wire  material  that  the  wire  material  con- 
tained  at  least  90%  of  superconductor  represented 
by  the  composition  formula  (TliPb^x)  (Sr0.8Ba0.2)- 
2Ca2Cu3  0x.  Critical  current  densities  of  the  wire 
material  at  77  K  in  zero  magnetic  field  and  at  1  T 
were  measured  by  a  current  pass  procedure  and 
found  to  be  38,000  A;cm2  and  7,500  A/cm2,  respec- 
tively. 

Example  10 

The  low  melting  point  composition  C  and  the 
solid  composition  C  were  kneaded  with  ethyl  a\- 

5  cohol,  respectively,  to  prepare  the  respective 
pastes.  The  paste  of  the  solid  composition  C  was 
applied  to  an  Ag  tape,  5  mm  wide  and  0.2  mm 
thick,  to  a  thickness  of  1  mm,  dried  and  pressed  to 
a  thickness  of  0.3  mm.  Then,  the  paste  of  the  low 

10  melting  point  composition  C  was  applied  thereto 
until  an  atomic  ratio  of  TI:Pb  =  1:1  was  obtained, 
then  dried  and  pressed  to  a  thickness  of  0.4  mm. 
The  thus  obtained  Ag  tape  wire  material  was  fired 
at  850  °C  in  air  for  30  minutes.  Critical  current 

15  densities  at  77  K  in  zero  magnetic  field  and  at  1  T 
were  measured  by  a  current  pass  procedure  and 
found  to  be  on  the  same  levels  as  in  Example  9, 
respectively. 

20  Example  1  1 

PbO,  CaO  and  CuO  were  mixed  in  an  atomic 
ratio  of  Pb:Ca:Cu  =  0.74:0.07:0.19  and  ground  in 
an  agate  mortar  to  prepare  a  low  melting  point 

25  powdery  composition  D.  Results  of  differential  ther- 
mal  analysis  of  the  powdery  composition  D,  as 
shown  in  Fig.  3,  revealed  that  there  was  a  sharp 
endotheruric  peak  at  790  °C.  The  powdery  com- 
position  D  was  heated  at  795  °C  for  30  minutes 

30  and  quenched  in  water.  The  quenched  composition 
D  was  in  a  complete  melt  state  and  no  such  non- 
melt  grains  as  in  the  low  melting  point  composition 
C  were  found  at  all. 

The  low  melting  point  powdery  composition  D 
35  was  heated  at  810  °C  for  30  minutes,  and  the 

heated  low  melting  point  powdery  composition  D 
was  mixed  with  the  solid  composition  C  in  an 
atomic  ratio  of  Pb  in  the  low  melting  point  com- 
position  D  to  Tl  in  the  solid  composition  C  of  1:1, 

40  and  ground  in  an  agate  mortar  for  30  minutes.  The 
thus  obtained  powdery  mixture  was  filled  in  an  Ag 
pipe,  6  mm  in  outer  diameter  and  4  mm  in  inner 
diameter,  and  the  filled  pipe  was  drawn  to  an  outer 
diameter  of  0.5  mm  and  then  rolled  to  a  thickness 

45  of  0.1  mm.  The  thus  obtained  Ag-clad  wire  material 
was  fired  at  850  °C  in  air  for  30  hours.  Critical 
current  densities  of  the  wire  material  at  77  K  in 
zero  magnetic  field  and  at  1  T  were  measured  by  a 
current  pass  procedure  and  found  to  be  12,000 

50  A/cm2  and  1  ,000  A/cm2,  respectively. 

Example  12 

The  low  melting  point  composition  D  and  the 
55  solid  composition  C  were  kneaded  with  n-butyl 

acetate,  respectively,  to  prepare  the  respective 
pastes.  The  paste  of  the  solid  composition  C  was 
applied  to  an  Ag  tape,  5  mm  wide  and  0.2  mm 

7 
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thick,  to  a  thickness  of  0.1  mm,  dried  and  pressed. 
Then,  the  paste  of  the  low  melting  point  composi- 
tion  D  was  applied  thereto  until  an  atomic  ratio  of 
TI:Pb  =  1:1  was  obtained,  and  then  dried  and 
pressed.  The  thus  obtained  Ag  tape  wire  material 
was  fired  at  850  °C  in  air  for  30  hours.  Critical 
current  densities  of  the  wire  material  at  77  K  in 
zero  magnetic  field  and  at  1  T  were  measured  by  a 
current  pass  procedure  and  found  to  be  on  the 
same  levels  as  in  Example  1  1  ,  respectively. 

According  to  the  present  invention,  an  oxide- 
based  superconductor,  a  wire  material  comprising 
the  same,  a  magnet  comprising  the  same,  etc., 
which  have  a  high  critical  current  density  under 
cooling  by  liquid  nitrogen  in  a  high  magnetic  field, 
can  be  used  in  various  apparatuses. 

Claims 

1.  An  oxide-based  superconductor  which  com- 
prises  Tl,  Pb,  Sr,  Ca  and  Cu,  or  Tl,  Pb,  Ba,  Sr, 
Ca  and  Cu,  all  particles  of  non-superconductor 
(7,  8)  having  grain  sizes  of  not  more  than  5  urn 
being  included  in  crystal  of  the  oxide-based 
superconductor  (6)  and  a  ratio  of  volume  of 
non-superconductor  composed  of  Ba  and  Pb 
to  total  volume  of  the  non-superconductor  be- 
ing  not  more  than  5%. 

2.  A  process  for  producing  an  oxide-based  super- 
conductor  comprising  Tl,  Pb,  Sr,  Ca  and  Cu  or 
Tl,  Pb,  Ba,  Sr,  Ca  and  Cu,  which  comprises  a 
step  of  independently  preparing  a  low  melting 
point  composition  (3)  comprising  the  above- 
mentioned  elements  and  having  a  melting 
point  of  not  more  than  880  °C  and  a  solid 
composition  (4)  comprising  the  above-men- 
tioned  elements  and  having  a  melting  point  of 
not  less  than  950  °C,  a  step  of  forming  the 
compositions  into  a  body  in  the  form  of  a 
mixture  or  a  discrete  structure,  or  a  discrete 
structure  of  a  single  lamination  or  a  plurality  of 
successive  laminations  of  the  compositions  on 
a  substrate  or  within  a  cylindrical  substrate, 
and  a  step  of  heat  treating  the  body. 

3.  A  process  according  to  claim  2,  wherein  the 
body  composed  of  the  low  melting  point  com- 
position  (3)  and  the  solid  composition  (4)  is 
heat  treated,  thereby  partly  or  entirely  melting 
the  low  melting  point  composition  (3). 

4.  A  process  according  to  claim  2,  wherein  the 
body  composed  of  the  low  melting  point  com- 
position  (3),  the  solid  composition  (4)  and  fine 
crystal  grains  of  oxide-based  superconductor 
(6)  or  non-superconductor  (7,  8)  having  a  simi- 
lar  crystal  structure  to  that  of  the  oxide-based 

superconductor  (6)  is  heat  treated,  thereby 
partly  or  entirely  melting  the  low  melting  point 
composition  (3). 

5  5.  A  process  according  to  any  one  of  claims  2,  3 
and  4,  wherein  the  low  melting  point  composi- 
tion  (3)  and  the  solid  composition  (4)  are  heat 
treated  at  a  temperature  lower  than  a  tempera- 
ture  of  decomposing  the  oxide-based  super- 

io  conductor  (6),  thereby  forming  a  liquid  melt. 

6.  A  process  according  to  any  one  of  claims  2,  3 
and  4,  wherein  the  low  melting  point  composi- 
tion  (3)  and  the  solid  composition  (4)  are  heat 

is  treated  at  a  melt  starting  temperature  of  the 
low  melting  point  composition  (3)  with  an  al- 
lowance  of  ±50  °  C  therefrom. 

7.  A  process  according  to  any  one  of  claims  2,  3 
20  and  4,  wherein  a  local  heating  zone  is  provided 

on  the  body  and  is  travelled  in  a  predeter- 
mined  direction. 

8.  A  process  according  to  any  one  of  claims  2,  3 
25  or  4,  wherein  the  low  melting  point  composition 

(3)  and  the  solid  composition  (4)  are  heat  treat- 
ed  for  not  more  than  5  hours. 

9.  A  wire  material,  which  comprises  a  solid  low 
30  melting  point  composition  (3)  comprising  Tl, 

Pb,  Ba  and  Cu,  a  solid  composition  (4)  com- 
prising  (Sn-xCa^CuOs,  wherein  x  =  0  to  1, 
or  (Sh-nCa^  CuCfe,  wherein  x  =  0  to  1,  and 
surrounding  the  low  melting  point  composition 

35  (3),  and  an  oxide-based  superconductor  (6) 
formed  between  the  solid  composition  (4)  and 
the  low  melting  point  composition  (3). 

10.  A  wire  material  which  comprises  a  solid  com- 
40  position  comprising  a  low  melting  point  com- 

position  (3)  comprising  Pb,  Ca,  and  Cu  or  Pb 
and  Cu  and  a  solid  composition  (4)  comprising 
Tl,  Sr,  Ca  and  Cu  or  Tl,  Sr,  Ba,  Ca  and  Cu 
surrounding  the  low  melting  point  composition 

45  (3),  and  an  oxide-based  superconductor  (6) 
formed  between  the  solid  composition  (4)  and 
the  low  melting  point  composition  (3). 

11.  A  wire  material  according  to  claim  9  or  10, 
50  wherein  the  low  melting  point  composition  (3) 

and  the  solid  composition  (4)  are  in  the  form  of 
mixture  or  discrete  structure  or  a  discrete 
structure  of  single  lamination  or  a  plurality  of 
successive  laminations  on  a  tape-shaded  sub- 

55  strate  (10)  of  metal  or  oxide. 

12.  A  wire  material  according  to  claim  9  or  10 
wherein  the  low  melting  point  composition  (3) 

8 
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and  the  solid  composition  (4)  are  in  the  form  of 
mixture  or  discrete  structure  or  a  discrete 
structure  of  successive  contacts  with  each  oth- 
er,  filled  in  a  hollow  sheath  material  of  metal. 

5 
13.  A  wire  material  according  to  claim  9  or  10, 

wherein  thin  films  of  the  low  melting  point 
composition  (3)  and  thin  films  of  the  solid 
composition  (4)  are  provided  in  the  form  of 
successive  laminations  on  a  single  crystal  sub-  10 
strate,  a  polycrystallin  substrate  or  an  amor- 
phous  substrate. 
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