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Description 

BACKGROUND  OF  THE  INVENTION 

5  This  invention  relates  to  a  method  of  manufacturing  a  powder  of  Bi-based  superconductive  oxide 
containing  lead,  and  a  method  of  manufacturing  a  sintered  body  having  high  density  and  excellent 
superconductivity  therefrom. 

It  is  conventionally  known  that  a  Bi-Sr-Ca-Cu-0  oxide  (hereinafter  referred  to  as  "Bi-based  oxide" 
unless  otherwise  specified)  formed  of  bismuth  (Bi),  strontium  (Sr),  calcium  (Ca),  copper  (Cu),  and  oxide  (0) 

io  exhibits  superconductivity  at  a  temperature  equal  to  or  higher  than  the  boiling  point  of  liquid  nitrogen. 
However,  the  known  Bi-based  oxide  is  formed  by  two  coexisting  phases,  i.e.,  a  low  temperature  phase 
having  a  critical  temperature  (Tc)  of  75  °  K  at  which  it  exhibits  superconductivity  (hereinafter  merely  called 
"critical  temperature")  and  a  high  temperature  phase  having  a  critical  temperature  of  105  °  K.  It  has  been 
difficult  to  form  a  superconductive  oxide  having  the  high  temperature  phase  alone. 

75  Under  the  above  circumstances,  it  has  recently  been  found  that  a  Bi-Pb-Sr-Ca-Cu-0  oxide  (hereinafer 
referred  to  as  "Bi-based  oxide  containing  Pb"  unless  otherwise  specified)  having  a  high  temperature  phase 
(Tc  =  105  °  K)  alone  can  be  stably  formed  by  replacing  part  of  Bi  by  lead  (Pb)  (see  "Abstract  of  Spring 
Meeting  in  1988"  published  by  "Japan  Society  of  Powder  and  Powder  Metallurgy",  page  63).  This  Bi-based 
oxide  containing  Pb  is  formed  by  a  coprecipitation  method  or  a  solid  phase  reaction  method.  The 

20  coprecipitation  method  comprises  forming  coprecipitates  in  a  solution  of  nitrate  or  oxalate  of  Bi,  Pb,  Sr,  Ca, 
and  Cu,  thereby  obtaining  a  powder  of  Bi-based  oxide  containing  Pb.  On  the  other  hand,  the  solid  phase 
reaction  method  comprises  sintering  a  mixed  powder  of  a  Bi  oxide  powder,  a  Pb  oxide  powder,  a  Ca 
carbonate  powder,  a  Sr  carbonate  powder,  and  a  Cu  oxide  powder  at  a  predetermined  temperature  into  a 
composite  sintered  body,  and  crushing  the  composite  sintered  body  into  a  powder  of  Bi-based  oxide 

25  containing  Pb. 
The  powder  of  Bi-based  oxide  containing  Pb  thus  prepared  is  pressed  into  a  green  compact.  The  green 

compact  is  then  sintered  at  a  temperature  within  a  range  from  800  to  900  °  C  under  atmospheric  pressure, 
thereby  obtaining  a  sintered  body  of  the  Bi-based  oxide  containing  Pb.  Alternatively,  a  sintered  body  may 
also  be  obtained  by  hot  pressing  the  powder  of  Bi-based  oxide  containing  Pb  at  a  temperature  within  a 

30  range  from  650  to  850  °  C. 
The  Bi-based  oxide  powder  obtained  by  the  coprecipitation  method  has  a  structure  having  high 

dispersion  of  elements.  Particularly  Pb  is  highly  dispersed  in  Bi  such  that  part  of  the  lattice  points  of  Bi 
atoms  are  replaced  by  Pb  atoms  evenly  throughout  the  lattice  structure.  Therefore,  the  Bi-based  oxide 
obtained  by  the  coprecipation  method  has  a  high  temperature  phase  alone.  However,  the  coprecipitation 

35  method  takes  a  long  time  to  form  coprecipitates  so  that  it  is  not  suitable  for  production  of  a  powder  of  Bi- 
based  superconductive  oxide  on  a  commercial  scale. 

On  the  other  hand,  the  solid  phase  reaction  method  is  suitable  for  mass  production  of  superconductive 
oxide  powder,  but  has  the  following  disadvantages: 

(1)  Since  the  starting  powders  in  the  form  of  solid  particles  are  mixed  and  sintered,  the  resulting  sintered 
40  body  has  a  low  degree  of  dispersion  of  Pb  in  Bi,  i.e.,  Bi  atoms  in  the  lattice  are  not  replaced  by  Pb 

atoms  evenly  throughout  the  lattice  structure,  thus  making  it  difficult  to  obtain  a  powder  of  superconduc- 
tive  oxide  having  a  high  temperature  phase  alone. 
(2)  Since  Pb  oxide  (PbO)  and  Bi  oxide  (Bi203)  have  low  melting  points,  i.e.  approximately  900  °C  and 
820  °  C,  respectively,  sintering  must  be  carried  out  at  a  temperature  lower  than  820  °  C  in  order  to 

45  prevent  melting  of  these  oxides  during  sintering.  However,  due  to  such  low  sintering  temperature,  the 
resulting  sintered  body  has  degraded  superconductivity,  particularly  insufficient  critical  electric  current 
density  (Jc),  because  residual  carbon  is  present  in  grain  boundaries  due  to  decomposition  of  the  Ca 
carbonate  and  Sr  carbonate  of  the  mixed  powders. 
(3)  There  occurs  sublimation  of  a  small  part  of  the  Pb  oxide  during  sintering  of  the  mixed  powder 

50  containing  the  Pb  oxide  at  a  temperature  lower  than  820  °  C,  so  that  the  resulting  sintered  body  has  too 
low  a  Pb  content  to  obtain  a  superconductive  oxide  sintered  body  having  a  high  temperature  phase 
alone. 
(4)  Even  if  sintering  is  carried  out  at  the  possible  highest  temperature,  i.e.  900  °  C,  the  resulting  sintered 
body  will  have  a  relative  density  of  75  %  at  most.  Further,  the  sintering  at  such  high  temperature  under 

55  atmospheric  pressure  causes  deficiency  of  oxygen  in  the  resulting  sintered  body  and  hence  spoils  the 
superconductivity.  To  recover  oxygen,  the  sintered  body  has  to  be  subjected  to  oxygen  annealing  at  a 
low  temperature  over  a  long  period  of  time. 
On  the  other  hand,  if  hot  pressing  is  carried  out,  the  resulting  sintered  body  will  have  a  higher  relative 
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density  of  90  %  or  more.  However,  the  hot  pressing  also  causes  deficiency  of  oxygen  in  the  sintered  body, 
resulting  in  degraded  superconductivity.  To  recover  oxygen,  the  sintered  body  has  to  be  subjected  to 
oxygen  annealing  for  about  100  hours. 

The  oxygen  deficiency  can  be  avoided  by  atmospheric  pressure  sintering  or  hot  pressing  at  a  lower 
5  temperature  than  that  in  the  conventional  method.  However,  the  resulting  sintered  body  has  low  relative 

density  and  hence  low  critical  electric  current  density,  thus  failing  to  exhibit  satisfactory  superconductivity. 
Similarly,  the  preparation  of  the  high-Tc  phase  of  Bi-(Pb)-Sr-Ca-Cu-0  superconductor  with  Tc  at  107.5  K 

by  means  of  a  solid  state  reacting  method  or  a  co-precipitation  method  has  been  described  by  U.  Endo  et 
al;  Japanese  Journal  of  Applied  Physics  Letters,  Vol.  27,  No.  8,  August,  1988,  Tokyo,  pages  L1476-L1479. 

io  The  Co-precipitation  method  comprises  the  following  steps: 
(I)  dissolving  Bi203,  PbO,  Sr(N03)2,  Ca(N03)2  *  4H20,  and  CuO  in  nitric  acid  with  the  cation  ratio  of 
Bi:Pb:Sr:Ca:Cu  =  0.8:0.2:0.8:1.0:1.4,  stirring  and  heating  the  resulting  solution  until  it  becomes  dry  to  form 
a  solid  with  a  light  blue  color,  and 
(II)  co-decomposing  the  nitrates  at  800  °C  for  30  minutes,  grinding  and  pressing  the  resulting  powder  into 

is  pellets,  heating  the  pellets  at  828  -  843  °C  for  36  -  130  hours  under  oxygen  pressure  of  1/13  atm  and 
then  slowly  cooling  to  500°  C,  to  obtain  a  superconductor. 

The  solid  state  reaction  method  comprises 
(I)  mixing  Bi203,  PbO,  SrC03,  CaCo3,  and  CuO  in  an  agate  mortar  with  the  ratio  of 
Bi:Pb:Sr:Ca:Cu  =  0.8:0.2:0.8:1.0:2.0,  followed  by  heating  the  same  at  810°  C  for  16  hours  in  air,  and 

20  (II)  pressing  the  hot  mixture  into  pellets  and  heating  for  12  hours  at  various  temperatures  in  the  stream  of 
Ar-02  mixture  with  the  oxygen  partial  pressure  specified  to  1/13  atm.,  and  then  slowly  cooling  to  500°  C 
to  obtain  a  superconductor. 
The  superconductor  samples  thus  obtained  were  subjected  to  X-ray  powder  diffraction  and  magnetic 

susceptibility  measurements  to  find  that  high-Tc  phase  alone  was  formed  in  the  nominal  composition  of 
25  Bio.sPbo.aSro.sCaLoCu^Oy  according  to  figures  1  -  3  of  the  publication. 

This  method  tries  to  lower  the  temperature  of  formation  of  high-Tc  phase  by  keeping  the  oxygen  partial 
pressure  in  the  sintering  atmospheric  condition  at  an  optimal  value  (1/13  atm)  to  obtain  desired  high-Tc- 
phase  superconductive  oxides. 

Furthermore,  the  synthesis  of  a  TI-Ba-Ca-Cu-0  superconductor  having  onset  Tc  at  126  K  by  means  of 
30  the  solid-state  reaction  and  its  properties  have  been  described  by  T.  Itoh  et  al;  in  Japanese  Journal  of 

Applied  Physics  Letters,  Vol.  27,  No.  4,  April,  1988,  pages  L559  -  L560.  Said  synthesis  comprises  the 
following  steps: 

(1)  synthesizing  BaCu02  by  calcination  of  a  BaC03  and  CuO  (1:1)  mixture  at  900  °C  for  8  hours  in  air, 
(II)  synthesizing  Ca2Cu03  by  calcination  of  CaC03  and  CuO  (2:1)  mixture  at  950°  C  for  10-15  hours  in 

35  air, 
(III)  mixing  well  the  BaCu02  and  Ca2Cu03  powders  thus  obtained  in  a  1:1  molar  ratio  and  heating  the 
resultant  mixture  at  850  °  C  for  3  hours  in  air, 
(IV)  grinding  and  mixing  the  resultant  product  with  Tl203  powder  to  make  a  mixture  with  the  chemical 
composition  of  TI2.4BaCa2Cu2Ox,  and 

40  (V)  pressing  the  mixture  into  pellets  (10  mm  in  diameter  and  1  mm  in  thickness)  and  then  putting  the 
same  into  the  furnace  kept  at  900  °C  for  10  minutes,  and  cooling  the  pellets  in  the  furnace  with  a  rate  of 
about  5°  C  /  min.  down  to  750°  C  and  then  taking  them  out  of  the  furnace  for  quenching  in  air  to  obtain  a 
superconductor. 
It  is  an  object  of  the  invention  to  provide  a  method  of  manufacturing  a  powder  of  a  Bi-based 

45  superconductive  oxide  and  a  method  of  manufacturing  a  sintered  body  therefrom,  which  has  a  low  carbon 
content,  high  density,  and  hence  high  critical  current  density,  as  well  as  a  high  temperature  phase  alone 
and  hence  a  high  critical  temperature. 

A  further  object  of  the  invention  is  to  provide  a  method  of  manufacturing  a  sintered  body  of  a  Bi-based 
superconductive  oxide  and  a  method  of  manufacturing  a  sintered  body  therefrom,  which  has  a  low  degree 

50  of  oxygen  deficiency  as  well  as  high  density  even  by  means  of  atmospheric  pressure  sintering  or  hot 
pressing  at  a  low  temperature. 

According  to  a  first  aspect  of  the  invention,  which  is  to  attain  the  first-mentioned  object,  there  is 
provided  a  method  of  manufacturing  a  powder  of  a  Bi-based  superconductive  oxide  containing  Pb, 
comprising  the  steps  of: 

55  (1)  mixing  a  Ca  carbonate  powder,  a  Sr  carbonate  powder,  and  a  Cu  oxide  powder  in  predetermined 
proportions,  and  sintering  the  resulting  mixed  powder  at  a  first  predetermined  temperature  in  the  range 
from  850  to  1050°  C  into  a  sintered  body  of  a  Ca-Sr-Cu-0  oxide; 
(2)  mixing  a  Bi  oxide  powder  and  a  Pb  oxide  powder  in  predetermined  proportions,  and  sintering  the 

3 
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resulting  mixed  powder  at  a  second  predetermined  temperature  in  the  range  from  500  to  670  °  C  into  a 
sintered  body  of  a  Bi-Pb-0  oxide; 
(3)  crushing  the  Ca-Sr-Cu-0  oxide  sintered  body  and  the  Bi-Pb-0  oxide  sintered  body  into  a  Ca-Sr-Cu-0 
oxide  powder  and  a  Bi-Pb-0  oxide  powder,  respectively; 

5  (4)  mixing  the  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder  in  predetermined  proportions, 
and  sintering  the  resulting  mixed  powder  at  a  third  predetermined  temperature  in  the  range  from  500  to 
670  °C  into  a  sintered  body  of  a  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide;  and 
(5)  crushing  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  sintered  body  into  the  powder  of  the  Bi-based 
superconductive  oxide  containing  Pb. 

io  There  is  also  provided  a  method  of  manufacturing  a  sintered  body  formed  of  a  Bi-based  superconduc- 
tive  oxide  containing  Pb,  comprising  the  above  steps  (1)  to  (5)  and  further 

(6)  forming  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  into  the  sintered  body  of  the  Bi-based 
superconductive  oxide  containing  Pb. 
Preferably,  the  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb  may  be  formed  by 

is  pressing  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  into  a  green  compact,  and  sintering  the 
green  compact  at  a  fourth  predetermined  temperature  in  the  range  from  500  to  890  °  C. 

More  preferably,  the  sintered  body  of  Bi-based  superconductive  oxide  containing  Pb  may  be  formed  by 
hot  pressing  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder. 

There  is  further  provided  a  method  of  manufacturing  a  sintered  body  formed  of  a  Bi-based  supercon- 
20  ductive  oxide  containing  Pb,  comprising  the  above  steps  (1)  to  (3)  and  further 

(4)  mixing  the  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder  in  predetermined  proportions, 
and  hot  pressing  the  resulting  mixed  powder  at  a  third  predetermined  temperature  in  the  range  from  400 
to  670  °C  into  the  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb. 
According  to  a  second  aspect  of  the  invention,  which  is  to  attain  the  second-mentioned  object,  there  is 

25  provided  a  method  of  manufacturing  a  sintered  body  formed  of  a  Bi-based  superconductive  oxide 
containing  Pb,  comprising  the  steps  of: 

(1)  mixing  a  Bi  oxide  powder  and  a  Pb  oxide  powder  in  predetermined  proportions,  and  sintering  the 
resulting  mixed  powder  at  a  predetermined  temperature  in  the  range  from  500  to  670  °  C  into  a  sintered 
body  of  a  Bi-Pb-0  oxide; 

30  (2)  crushing  the  Bi-Pb-0  oxide  sintered  body  into  a  powder,  and  mixing  the  powder  with  a  powder  of  a 
Bi-Sr-Ca-Cu-0  oxide  in  predetermined  proportions  into  a  mixed  powder;  and 
(3)  forming  the  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb  from  the  last- 
mentioned  mixed  powder. 
Preferably,  the  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb  may  be  formed  by 

35  pressing  the  last-mentioned  mixed  powder  into  a  green  compact,  and  sintering  the  green  compact. 
More  preferably,  The  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb  may  be 

formed  by  hot  pressing  the  last-mentioned  mixed  powder. 
The  above  and  other  objects,  features,  and  advantages  of  the  invention  will  be  more  apparent  from  the 

ensuing  detailed  description. 
40 

DETAILED  DESCRIPTION 

The  present  inventors  have  made  many  studies  in  order  to  improve  the  conventional  solid  phase 
reaction  method  so  as  to  obtain  a  sintered  body  of  a  Bi-based  superconductive  oxide  containing  Pb  which 

45  has  a  low  carbon  content  and  hence  high  density  and  high  critical  current  density  as  well  as  having  a  high 
temperature  phase  alone,  and  reached  the  following  findings: 

(1)  If  a  mixed  powder  of  a  CaC03  powder,  a  SrC03  powder,  and  a  CuO  powder,  which  have  relatively 
high  melting  points,  and  a  mixed  powder  of  a  Bi203  powder  and  a  PbO  powder,  which  have  relatively 
low  melting  points,  are  sintered  separately  from  each  other,  the  former  mixed  powder  can  be  sintered  at 

50  such  a  high  sintering  temperature  that  the  carbonates  can  be  decomposed  to  a  sufficient  degree  to 
thereby  largely  reduce  the  residual  carbon  and  hence  obtain  high  density  and  high  critical  current 
density  of  the  sintered  body,  whereas  the  latter  mixed  powder  can  be  sintered  at  such  a  low  sintering 
temperature  that  no  sublimation  of  the  Pb  oxide  occurs  to  thereby  obtain  sufficient  dispersion  of  Pb  in  Bi 
and  hence  a  structure  having  a  high  temperature  phase  alone. 

55  Further,  the  present  inventors  have  also  studied  how  to  develop  a  method  of  manufacturing  a  sintered 
body  of  a  Bi-based  superconductive  oxide  containing  Pb,  which  can  provide  a  sintered  body  having  high 
density  even  by  sintering  under  atmospheric  pressure  or  hot  pressing  at  such  a  low  temperature  that 
oxygen  deficiency  can  only  occur  to  a  low  degree  during  sintering,  and  reached  the  following  finding: 

4 
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(2)  If  a  powder  of  a  Bi-Pb-0  oxide  is  mixed  with  a  powder  of  a  Bi-Sr-Ca-Cu-0  oxide,  and  the  mixed 
powder  is  subjected  to  sintering  or  hot  pressing,  a  sintered  body  of  the  Bi-based  superconductive  oxide 
containing  Pb  can  be  obtained,  which  has  high  relative  density  and  hence  improved  superconductivity, 
even  if  the  sintering  temperature  is  lower  (e.g.  lower  than  650  °  C)  than  that  in  the  conventional  method. 

5  The  present  invention  is  based  upon  the  above  findings. 
A  method  of  manufacturing  a  powder  of  a  Bi-based  superconductive  oxide  containing  Pb  according  to  a 

first  aspect  of  the  invention  will  be  explained  below.  The  first  aspect  is  based  upon  the  above  finding  (1). 
i)  First,  a  powder  of  CaC03,  a  powder  of  SrC03,  a  powder  of  CuO,  a  powder  of  Bi203,  and  a  powder  of 
PbO  are  prepared  as  starting  powders. 

io  ii)  Of  these  starting  powders,  the  CaC03  powder,  the  SrC03  powder,  and  the  CuO  powder  are  mixed  in 
predetermined  proportions,  and  the  mixed  powder  is  sintered  in  an  oxidation  atmosphere  at  a  predeter- 
mined  temperature  and  under  atmospheric  pressure  into  a  sintered  body  of  a  Ca-Sr-Cu-0  oxide.  The  Ca- 
Sr-Cu-0  oxide  sintered  body  is  crushed  into  a  Ca-Sr-Cu-0  oxide  powder. 
iii)  Then,  the  Bi203  powder  and  the  PbO  powder  are  mixed  in  predetermined  proportions,  and  the  mixed 

is  powder  is  subjected  to  sintering  in  an  oxidation  atmosphere  at  a  predetermined  temperature  and  under 
atmospheric  pressure  into  a  sintered  body  of  a  Bi-Pb-0  oxide.  The  Bi-Pb-0  oxide  sintered  body  is 
crushed  into  a  Bi-Pb-0  oxide  powder. 
iv)  Then,  the  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder  are  mixed  in  predetermined 
proportions,  and  the  mixed  powder  is  subjected  to  sintering  in  an  oxidation  atmosphere  at  a  predeter- 

20  mined  temperature  and  under  atmospheric  pressure  into  a  sintered  body  of  a  Bi-based  superconductive 
oxide  containing  Pb.  The  sintered  body  is  crushed  into  a  powder. 
The  predetermined  sintering  temperature  in  the  step  ii)  is  preferably  within  a  range  from  850  to  1050 

°  C.  If  the  sintering  temperature  is  lower  than  850  °  C,  the  carbonates  in  the  mixed  powder  are  not 
decomposed  to  a  sufficiant  degree,  so  that  a  large  amount  of  residual  carbon  will  be  present  in  the  resulting 

25  sintered  body,  which  causes  degradation  in  the  superconductivity  of  the  superconductive  oxide  sintered 
body.  On  the  other  hand,  if  the  sintering  temperature  is  higher  than  1050  °C,  the  CuO  tends  to  melt  during 
sintering,  which  makes  it  impossible  to  obtain  a  Ca-Sr-Cu-0  oxide  sintered  body  having  a  homogeneous 
structure. 

The  predetermined  sintering  temperature  in  the  step  iii)  is  preferably  within  a  range  from  500  to  670 
30  °  C.  If  the  sintering  temperature  is  lower  than  500  °  C,  formation  of  a  Bi-Pb-0  oxide  and  sufficient  dispersion 

of  Pb  in  Bi  are  not  assured.  On  the  other  hand,  if  the  sintering  temperature  is  higher  than  670  °  C,  there  can 
occur  local  melting  of  the  mixed  powder  and  sublimation  of  PbO  during  sintering  so  that  a  Bi-Pb-0  oxide 
sintered  body  having  a  desired  chemical  composition  will  not  be  formed.  If  the  Bi-Pb-0  oxide  which  is 
obtained  by  reaction  between  Bi203  and  PbO  during  sintering  is  in  the  form  of  a  complete  composite  oxide 

35  of  Bi203  and  PbO,  such  as  6Bi203-PbO,  4Bi203-5PbO,  almost  no  sublimation  of  PbO  takes  place.  On  the 
contrary,  if  the  Bi-Pb-0  oxide  has  a  pure  PbO  phase,  sublimation  of  PbO  is  apt  to  take  place.  Therefore,  the 
Bi-Pb-0  oxide  must  not  have  a  pure  PbO  phase. 

The  predetermined  sintering  temperature  in  the  step  iv)  for  the  first  sintering  is  preferably  within  a  range 
from  500  to  670  °  C.  If  the  sintering  temperature  is  lower  than  500  °  C,  reaction  between  the  oxide  powders 

40  will  not  take  place  to  a  satisfactory  degree  during  sintering.  On  the  other  hand,  if  the  sintering  temperature 
is  higher  than  670  °  C,  there  occurs  local  melting  of  the  powders  during  sintering,  thereby  making  the 
structure  of  the  resulting  sintered  body  inhomogeneous.  If  the  sintering  of  the  step  iv)  is  effected  within  the 
predetermined  sintering  temperature  so  that  sufficient  dispersion  of  elements  takes  place,  a  subsequent 
sintering,  hereinafter  described,  can  be  carried  out  at  an  elevated  temperature  close  to  the  melting  point  of 

45  the  Bi-Sr-Ca-Cu-0  oxide,  i.e.,  up  to  890  °  C. 
The  powder  of  the  Bi-Pb-Sr-Cu-0  superconductive  oxide  obtained  in  the  step  iv)  according  to  the  first 

aspect  of  the  invention  may  be  compacted  by  pressing  into  a  green  compact,  followed  by  sintering  the 
green  compact  in  an  oxidation  atmosphere  at  a  predetermined  temperature  and  under  atmospheric  pressure 
into  a  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb. 

50  The  predetermined  temperature  is  preferably  within  a  range  from  500  to  890  °  C.  If  the  sintering 
temperature  is  lower  than  500  °  C,  the  powder  is  not  satisfactorily  reacted  during  sintering.  On  the  other 
hand,  if  the  sintering  temperature  is  higher  than  890  °  C,  which  is  higher  than  the  melting  point  of  the  Bi- 
based  oxide,  there  occurs  local  melting  during  sintering  so  that  the  resulting  sintered  body  will  have  an 
inhomogenous  structure. 

55  Alternatively,  a  powder  of  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  obtained  in  the  step  iv)  may 
also  be  hot  pressed  into  a  sintered  body  of  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  at  the  above 
predetermined  temperature,  i.e.,  500  to  890  °  C. 

Further,  a  sintered  body  of  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  may  also  obtained  by  mixing 
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the  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder,  each  of  which  has  been  obtained  through  the 
manufacture  of  the  powder  of  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide,  in  predetermined  proportions, 
and  hot  pressing  the  mixed  powder  at  a  predetermined  temperature  within  the  range  from  400  to  670  °  C. 

According  to  the  second  aspect  of  the  invention,  a  sintered  body  of  a  Bi-based  superconductive  oxide 
5  containing  Pb  is  also  obtained  by  sintering  or  hot  pressing  a  conventional  Bi-Sr-Ca-Cu-0  oxide  powder  at  a 

lower  temperature  than  that  in  the  conventional  method,  in  the  following  manner: 
First,  a  powder  of  a  Bi-Sr-Ca-Cu-0  oxide  having  a  substantially  superconductive  chemical  composition 

is  prepared  as  a  starting  powder. 
Then,  a  powder  of  a  composite  PbO-Bi203  oxide  having  a  PbO  content  of  60  to  80  molar  percent  is 

io  mixed  with  the  prepared  Bi-based  oxide  powder,  and  the  mixed  powder  is  compacted  into  a  green  compact, 
followed  by  sintering  in  an  oxidation  atmosphere  at  a  predetermined  temperature  and  under  atmospheric 
pressure.  Alternatively,  the  mixed  powder  is  hot  pressed  into  a  sintered  body  of  the  Bi-based  superconduc- 
tive  oxide  containing  Pb. 

The  above  "powder  of  a  Bi-Sr-Ca-Cu-0  oxide  powder  having  a  substantially  superconductive  chemical 
is  composition"  may  be  a  conventional  Bi-Sr-Ca-Cu-0  oxide  superconductive  powder,  or  a  Bi-Sr-Ca-Cu-0 

oxide  superconductive  powder  having  a  little  smaller  Bi  content  than  the  former. 
The  composite  oxide  of  PbO-Bi203  is  formed  of  a  eutectic  of  PbO  and  Bi203,  which  presents  a  liquid 

phase  at  a  low  sintering  temperature  and  serves  as  a  sintering  assistant  to  accelerate  liquid-phase  sintering, 
thereby  ensuring  formation  of  a  sintered  body  with  high  density  by  sintering  at  a  low  temperature. 

20  Therefore,  the  resulting  sintered  body  has  a  low  degree  of  oxygen  deficiency,  requiring  no  oxygen 
annealing  or  oxygen  annealing  only  for  a  short  time  period. 

If  the  composite  PbO-Bi203  oxide  has  a  chemical  composition  corresponding  to  its  eutectic  point,  i.e., 
PbO:  73  molar  percent  and  Bi203:  27  molar  percent,  it  has  the  lowest  melting  point  of  635  °C  and  is  most 
suitable  as  a  sintering  assistant. 

25  If  the  PbO  content  is  lower  than  60  molar  percent  or  higher  than  80  molar  percent,  the  composite  PbO- 
Bi203  oxide  has  a  melting  point  higher  than  700  °C  and  cannot  satisfactorily  act  as  a  sintering  assistant  at 
a  low  sintering  temperature,  thereby  making  it  impossible  to  obtain  a  sintered  body  having  satisfactorily 
high  density.  Therefore,  the  PbO  content  of  the  composite  PbO-Bi203  oxide  has  been  limited  within  a  range 
from  60  to  80  molar  percent. 

30  Examples  of  the  methods  according  to  the  invention  will  now  be  described  in  detail. 

EXAMPLE  1 

First,  a  powder  of  Bi203,  a  powder  of  PbO,  a  powder  of  SrC03,  a  powder  of  CaC03,  and  a  powder  of 
35  CuO,  each  having  a  mean  particle  size  of  10  microns,  were  prepared  as  starting  powders.  Of  these 

powders,  the  SrC03  powder,  the  CaC03  powder,  and  CuO  powder  were  mixed  in  the  following  proportions: 

SrC03  Powder:  116.0  g 
CaC03  Powder:  78.5  g 
CuO  Powder:  125.0  g 

The  mixed  powder  and  hexane  as  a  solvent  were  mixed  by  a  ball  mill  for  3  hours,  and  dried,  followed 
by  sintering  in  a  flowing  oxygen  atmosphere  at  a  temperature  of  900  °  C  for  5  hours  to  obtain  a  sintered 

45  powder.  The  sintered  powder  was  crushed  by  a  ball  mill  into  a  crushed  powder,  which  was  again  sintered  in 
a  flowing  oxygen  atmosphere  at  a  temperature  of  900  °  C  for  5  hours  to  obtain  a  sintered  powder.  The 
sintered  powder  was  finely  crushed  into  a  powder  of  Ca-Sr-Cu-0  oxide  having  a  smaller  mean  particle  size 
of  7  microns  or  less.  The  amount  of  residual  carbon  present  in  the  Ca-Sr-Cu-0  oxide  powder  was  measured 
and  found  to  be  0.1  by  weight  %  or  less. 

50  Then,  the  Bi203  powder  and  the  PbO  powder  were  mixed  in  proportions  of  Bi203  powder:  113.5  g  and 
PbO  powder:  66.5  g,  and  the  mixed  was  mixed  by  a  wet-type  ball  mill  for  3  hours.  The  mixed  powder  was 
charged  into  a  crucible  formed  of  platinum,  and  sintered  in  a  flowing  oxygen  atmosphere  at  a  temperature 
of  550  °  C  for  1  hour  into  a  sintered  powder.  The  sintered  powder  was  crushed  by  a  ball  mill,  and  the 
crushed  powder  was  further  sintered  in  a  flowing  oxygen  atmosphere  at  a  temperature  of  550  °  C  for  1  hour. 

55  The  sintered  powder  was  finely  crushed  by  a  ball  mill  into  a  powder  of  Bi-Pb-0  oxide  having  a  mean 
particle  size  of  10  microns  or  less.  The  Bi-Pb-0  oxide  powder  was  subjected  to  X-ray  diffraction  analysis  to 
recognize  the  presence  of  a  phase  of  composite  4Bi203-5PbO  oxide  in  the  Bi-Pb-0  oxide  powder. 

The  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder  were  mixed  by  a  ball  mill  into  a  mixed 

6 



EP  0  354  537  B1 

powder.  The  mixed  powder  was  sintered  in  an  oxygen  atmosphere  at  a  temperature  of  550  °  C  for  20  hours 
into  a  sintered  powder.  The  sintered  powder  was  crushed  by  a  ball  mill,  and  the  crushed  powder  was 
sintered  in  an  oxygen  atmosphere  at  a  temperature  of  650  °  C  for  20  hours,  followed  by  being  finely 
crushed  by  a  ball  mill  into  a  powder  of  Bi-Pb-Sr-Ca-Cu-0  oxide  having  a  mean  particle  size  of  6  microns. 

5  By  using  the  Sr-Ca-Cu-0  oxide  powder,  the  Bi-Pb-0  oxide  powder,  and  the  the  Bi-Pb-Sr-Ca-Cu-0 
superconductive  oxide  powder  obtained  as  above,  sintered  bodies  were  formed  in  accordance  with  the 
following  methods: 

Sintered  Body  Forming  Method  (1) 

The  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  was  compacted  under  a  pressure  of  294  MPa 
into  a  green  compact  in  the  form  of  a  rectangular  parallelopiped  having  a  size  of  10  mm  in  depth,  30  mm  in 
width,  and  5  mm  in  height.  The  green  compact  was  heat-treated  in  an  oxidation  atmosphere  at  a 
temperature  of  840  °  C  for  50  hours. 

75 
Sintered  Body  Forming  Method  (2) 

The  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  was  hot  pressed  at  a  temperature  of  700  °  C 
under  a  pressure  of  14,7  MPa  for  3  hours  into  a  sintered  body  in  the  form  of  a  disc  having  a  size  of  30  mm 

20  in  diameter  and  5  mm  in  height.  The  sintered  body  was  heat-treated  in  an  oxidation  atmosphere  at  a 
temperature  of  840  °  C  for  30  hours. 

Sintered  Body  Forming  Method  (3) 

25  The  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder  were  mixed  in  proportions  of  Ca-Sr-Cu-0 
oxide  powder:  58  g  and  Bi-Pb-0  oxide  powder:  42  g,  and  the  mixed  powder  was  mixed  by  a  ball  mill.  The 
mixed  powder  was  hot  pressed  at  a  temperature  of  600  °  C  under  a  pressure  of  14,7  MPa  for  4  hours  into  a 
sintered  body  in  the  form  of  a  disc  having  a  size  of  30  mm  in  diameter  and  5  mm  in  height.  The  sintered 
body  was  further  heat-treated  in  an  oxidation  atmosphere  at  a  temperature  of  830  °  C  for  30  hours. 

30  Respective  sintered  bodies  1i  -  I3  according  to  the  present  invention,  which  were  obtained  by  the 
sintered  body  forming  methods  (1)  -  (3),  were  measured  in  respect  of  carbon  content,  density,  and  critical 
electric  current  density  Jc  and  critical  temperature  Tc  by  means  of  a  four  probe  method.  The  results  of  the 
measurements  are  shown  in  Table  1  . 

35  COMPARATIVE  EXAMPLE  1 

The  same  powders,  i.e.,  SrC03,  CaC03,  CuO,  Bi203,  and  PbO  as  those  in  Example  1  were  prepared  as 
starting  powders,  and  all  the  powders  were  mixed  in  the  same  proportions  as  in  Example  1  into  a  mixed 
powder.  The  mixed  powder  was  charged  into  a  ball  mill  at  one  time  and  mixed  by  the  ball  mill  for  3  hours. 

40  The  mixed  powder  was  sintered  in  a  flowing  oxygen  atmosphere  at  a  temperature  of  550  °C  for  10  hours, 
followed  by  being  crushed  into  a  sintered  powder.  The  sintered  powder  was  again  sintered  in  an  oxygen 
atmosphere  at  a  temperature  of  650  °C  for  10  hours,  followed  by  being  crushed  into  a  sintered  powder. 
The  sintered  powder  was  further  sintered  in  an  oxygen  atmosphere  at  a  temperature  of  750  0  C  for  5  hours, 
followed  by  being  finely  crushed  into  a  powder  of  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  having  a  mean 

45  particle  size  of  7  microns. 
The  amount  of  residual  carbon  present  in  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  was 

50 

55 
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ind  to  be  1  .5  %  by  weight. 
Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  was  compacted  into  a  green  compact 
onditions  as  these  in  Method  (1)  of  Example  1.  The  green  compact  was  heat  treated  and 

same  conditions  as  those  in  Method  (1)  of  Example  1,  to  obtain  a  comparative  sintered 
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The  comparative  sintered  body  1  was  measured  in  respect  of  carbon  content,  density,  and  critical 
electric  current  density  Jc  and  critical  temperature  Tc.  The  measurement  results  are  shown  in  Table  1  . 

EXAMPLE  2 
5 

A  powder  of  SrC03,  a  powder  of  CaC03,  and  a  powder  of  CuO,  which  are  the  same  powders  as  those 
in  Example  1  ,  were  prepared  as  starting  powders  and  mixed  in  the  following  proportions: 

SrC03  Powder:  123.5  g 
CaC03  Powder:  84.0  g 
CuO  Powder:  100.0  g 

The  mixed  powder  was  mixed  together  with  hexane  by  a  ball  mill  for  3  hours,  followed  by  being  dried. 
75  The  mixed  powder  was  sintered  under  the  same  conditions  as  those  in  Example  1,  followed  by  being 

crushed  into  a  powder  of  Ca-Sr-Cu-0  oxide  having  a  mean  particle  size  of  7  microns. 
Then,  a  Bi203  powder  and  a  PbO  powder,  which  are  the  same  powders  as  those  in  Example  1,  were 

mixed  in  proportions  of  Bi203  powder:  136.5  g  and  PbO  powder:  56.5  g,  and  the  mixed  powder  was 
sintered  under  the  same  conditions  as  those  in  Example  1  ,  followed  by  being  crushed  into  a  powder  of  Bi- 

20  Pb-0  oxide  having  a  mean  particle  size  of  10  microns. 
The  Bi-Pb-0  oxide  powder  was  subjected  to  X-ray  diffraction  analysis  to  recognize  the  presence  of  a 

phase  of  composite  4Bi203  -oxide  in  the  Bi-Pb-0  oxide. 
The  Ca-Sr-Cu-0  oxide  powder  and  the  Bi-Pb-0  oxide  powder  were  mixed  by  a  ball  mill  into  a  mixed 

powder.  The  mixed  powder  was  sintered  under  the  same  conditions  as  those  in  Example  1,  followed  by 
25  being  crushed  into  a  powder  of  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  having  a  mean  particle  size  of  6 

microns. 
By  using  the  Ca-Sr-Cu-0  oxide  powder,  the  Bi-Pb-0  oxide  powder,  and  the  Bi-Pb-Sr-Ca-Cu-0 

superconductive  oxide  powder  obtained  as  above,  respective  sintered  bodies  were  formed  in  accordance 
with  Methods  (1)  -  (3)  of  Example  1  to  obtain  sintered  bodies  2i  -  23  according  to  the  present  invention. 

30  The  sintered  bodies  2i  -  23  according  to  the  present  invention  were  each  measured  in  respect  of 
carbon  content,  density,  and  critical  electric  current  density  Jc  and  critical  temperature  Tc.  The  results  of 
the  measurements  are  shown  in  Table  2. 

COMPARATIVE  EXAMPLE  2 

The  same  powders,  i.e.,  SrC03,  CaC03,  CuO,  Bi203,  and  PbO  as  those  in  Example  2  were  prepared  as 
starting  powders.  All  the  powders  were  mixed  in  the  same  proportions  as  those  in  Example  2,  into  a  mixed 
powder.  The  mixed  powder  was  mixed  and  heat-treated  in  the  same  manner  as  Example  1  into  a  powder  of 
Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  having  a  mean 

45 

50 

55 

9 



r  U  354  &3f  Dl 

■  —  Cd  Q S*i  X  O  Cd 
o  O  2  i*S  CO —  '  H  <  OS X  Eh  <  C3  m  °J  «i  *r 
O  S  CO  2  2   ̂ '  •h  ri H  M  <  rH  r-l  rH  rH 

£h  CO  Cd  X Cd  <  Cd  D  O CC  OS  J  D  < H  > i  < ■  a:  _, i  Cd  1 
<  CL. )  S  CO >  Cd  Cd 1  H  Cd  S' :  x  o  o- >.  J  O  2  O )  <  M  <  U  O  „,  _ s o x H c a o :   2  £  J  W  2  CO  Cd  O  O  O  t-i 
4  H  rH  U  N  »-l  «-<  rH 
3  M  Eh  CO  D 1  K  <  Cd  J  o  ce  < > 

►J  o  
O  K  2  Ehcm  _  00 
H  H  W  H  B  rH  Ot  <*  • 
EhOKCOO  to  CO  CO  cm 
h  U  K  2  s  K  J  3  Id  < O  Cd  O  Q  — 

.  —  . H  co  t-H  m  o  m 
M  G CO  0  tj*  ">  10 
2 Id  0) Q  — 

Eh  3? 
Z  2  _ O  Cd  H  rH  rH  rH  O 
CQ  H  X  •  ' 
0£  2  O  O  O  O  CM 
<  O  rH  V O  O  Cd 

55  g  
Cd  3  Cd  O  O.  3 

CO  Cd  C u Q 2   OQ2  _  2  O 
2  >  >-  O  3  O  >«  I  3  O  :»  OS  <«  £  ' 
mm  00  OH  OIIOH  COCd  S " 1  
kehxi  ehO-h   ooueh  ace  -2  °  
DOCL,  DO  2 Q I 2   QStd  CO  1 
H3  td  <  tdtd  Cd  h  Cd  Cd  WOO 
u  a  id  za.  Q>-  2 w q >   .  z o . s k   a z t n a  
<  2  2  wS  " 2   rH  1  w  2  M  OCd  " M I M  S o n   <o  x  m  <nxrH  < a o - g  D 0 2   E h O O   H0.O  H  Cd  S  Cd  Cd  0.  O 
2  a  m  m  o  cd  is  i  cd  mxcdo  hh  i 
<  Cd  <  0 2 I C d X   O-HCdX  OMQO.  2  2  £  Cd 
ZOuH  Id  3>H  CO  >  H  SH  HM(0> 

d z   x S c I h   x  m  Jh  xw  coco  m 
in  ui  o  q q s i e h o   q o e h o   q o o q   .  ,   ̂ *3  M 
O  O  OOCOOEh  0 2 0 H   O  2  M  Cd  >.  <  O 

Q  CQ  O  3  OIhD  OhOX  >0Q2D 
Qldid  CJ3IQC3  CO  Q  U  (0IO  M  OQ 
O D D   Q 2 ( h 2 2   QW22  Q  CO  3  EhQm2 
X  <  M  MHIflOH  Cd  Cd  O  rH  Cd  Id  O  O  < U H O  
u  ?  o  w  w i a S   wcukk  cd  a.  u  a  <  m  u  k  u  
z  -n  h  eh  a.  cd  o  eh  cd  o  eh  coo.  a.  <  >  cd  q  

03  Z2ICL.U  2  Eh  CL  U  2 H I I   Z H 2 0 . S  
MM-HDO  MODO  MOffl-H  OCQODO 
co  co  pq  co  ««  co  x  co  <  coxooa  o o o c o o .  

rH  CM  CO /   N  CM  CM /   -  7.  31JHVX3 
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particle  size  of  7  microns. 
The  Bi-Sr-Ca-Cu-0  superconductive  oxide  powder  was  sintered  under  the  same  conditions  as  those  in 

Comparative  Example  1  (in  accordance  with  the  Sintered  Body  Forming  Method  (1)  in  Example  1)  into  a 
comparative  sintered  body  2. 

The  comparative  sintered  body  2  was  measured  in  respect  of  carbon  content,  density,  and  critical 
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electric  current  density  Jc  and  critical  temperature  Tc.  The  results  of  the  measurements  are  shown  in  Table 
2. 

EXAMPLE  3 

A  Ca-Sr-Cu-0  oxide  powder  was  prepared  in  the  same  manner  as  Example  1  by  using  a  SrC03 
powder,  a  CaC03  powder,  and  a  CuO  powder  in  the  following  proportions: 

10 SrC03  Powder:  115.5  g 
CaC03  Powder:  78.5  g 
CuO  Powder:  125.0  g 

15 
Then,  a  Bi-Pb-0  oxide  powder  was  prepared  in  the  same  manner  as  Example  1  by  using  a  Bi203 

powder  and  a  PbO  powder  in  proportions  of  Bi203  powder:  146  g  and  PbO  powder:  35.0  g 
Further,  a  powder  of  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  was  prepared  in  the  same  manner  as 

Example  1  by  using  the  obtained  Ca-Sr-Cu-0  oxide  powder  and  Bi-Pb-0  oxide  powder. 
By  using  the  obtained  Ca-Sr-Cu-0  oxide  powder,  Bi-Pb-0  oxide  powder,  and  Bi-Pb-Sr-Ca-Cu-0 

superconductive  oxide  powder,  respective  sintered 
20 

25 
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35 

40 
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bodies  were  formed  in  accordance  with  the  Sintered  Body  Forming  Methods  (1)  -  (3)  in  Example  1  to  obtain 
55  sintered  bodies  3i  -  33  according  to  the  present  invention. 

The  sintered  bodies  3i  -  33  according  to  the  present  invention  were  each  measured  in  respect  of 
carbon  content,  density,  and  critical  electric  current  density  Jc  and  critical  temperature  Tc.  The  results  of 
the  measurements  are  shown  in  Table  3. 
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COMPARATIVE  EXAMPLE  3 

The  same  powders,  i.e.,  SrC03,  CaC03,  CuO,  Bi203,  and  PbO  as  those  in  Example  3  were  prepared  as 
starting  powders,  and  mixed  in  the  same  proportions  as  those  in  Example  3.  Based  on  the  powders,  a 

5  comparative  sintered  body  3  was  formed  in  the  same  manner  as  Comparative  Example  1  . 
The  comparative  sintered  body  3  was  measured  in  respect  of  carbon  content,  density,  and  critical 

electric  current  density  Jc  and  critical  temperature  Tc.  The  measurement  results  are  shown  in  Table  3. 
It  will  be  learned  from  Tables  1  to  3  that  the  sintered  bodies  1i  -  I3,  2i  -  23,  3i  -  33  of  the  Bi-based 

superconductive  oxides  containing  Pb  according  to  the  present  invention  each  have  a  lower  carbon  content, 
10  higher  density,  and  hence  higher  critical  electric  current  density  than  the  respective  corresponding 

comparative  sintered  body  1  -  3,  and  each  have  a  high  temperature  phase  alone. 

EXAMPLE  4 

15  A  powder  of  CaC03,  a  powder  of  SrC03,  a  powder  of  CuO,  and  Bi203,  each  having  a  mean  particle 
size  of  7  microns,  were  prepared  as  starting  powders  and  mixed  in  the  following  proportions  by  weight 
percent: 

20 CaC03  Powder:  16.7  % 
SrC03  Powder:  24.6  % 
CuO  Powder:  19.9% 
Bi203  Powder:  38.8  % 

25  The  powders  were  mixed  by  a  wet-type  ball  mill  for  3  hours  into  a  mixed  powder,  followed  by  being 
dried.  The  mixed  powder  was  heat-treated  in  an  oxidation  atmosphere  at  a  temperature  of  700  °C  for  10 
hours,  followed  by  being  crushed.  Further,  the  crushed  powder  was  heat-treated  in  an  air  atmosphere  at  a 
temperature  of  800  °C  for  10  hours,  followed  by  being  crushed.  This  last  cycle  of  heat-treatment  and 
crushing  was  repeated  five  times  for  full  dispersion  of  elements,  followed  by  being  finely  crushed  into  a 

30  powder  of  a  conventional  Bi-Sr-Ca-Cu-0  oxide  having  a  composition  of  BhoSrujCaLoCuLsOs  and  having  a 
mean  particle  size  of  10  microns. 

Then,  the  Bi203  powder  and  a  PbO  powder  having  a  mean  particle  size  of  7  microns  were  mixed  in 
proportions  by  weight  percent  of  Bi203  powder:  41.1  %  and  PbO  powder:  58.9  %,  to  be  mixed  by  a  wet- 
type  ball  mill  for  3  hours.  The  mixed  powder  was  then  dried  and  heat-treated  in  a  crucible  formed  of 

35  platinum  in  an  oxidation  atmosphere  at  a  temperature  of  600  0  C  for  3  hour,  followed  by  being  finely 
crushed  into  a  powder.  The  crushed  powder  was  heat-treated  in  an  oxidation  atmosphere  at  a  temperature 
of  600  0  C  for  3  hour  for  full  dispersion  of  elements,  followed  by  being  crushed  by  a  ball  mill  into  a  powder 
of  Bi-Pb-0  oxide  having  a  composition  of  Bi203-3PbO  and  having  a  mean  particle  size  of  10  microns. 

The  obtained  Bi-Pb-0  oxide  powder  was  added  to  the  obtained  Bi-Sr-Ca-Cu-0  oxide  powder  in  an 
40  amount  of  10  %  by  weight  (with  respect  to  the  latter  being  100  %)  and  mixed  to  a  sufficient  degree  by  a 

wet-type  ball  mill,  followed  by  being  dried.  The  mixed  powder  was  compacted  by  pressing  with  a  uniaxial 
press  at  a  pressure  of  294  MPa  into  a  green  compact  having  a  size  of  30  mm  in  length,  5  mm  in  width,  and 
10  mm  in  height  with  a  density  of  2.9  g/cm3.  The  green  compact  was  sintered  at  a  temperature  of  640  °C 
under  atmospheric  pressure  for  24  hours  to  obtain  a  sintered  body  4  of  Bi-based  superconductive  oxide 

45  containing  Pb  according  to  the  present  invention,  which  has  a  density  of  5.2  g/cm3. 
The  sintered  body  4  according  to  the  present  invention  was  measured  in  respect  of  carbon  content, 

density,  and  critical  electric  current  density  Jc  and  critical  temperature  Tc  by  means  of  the  four  probe 
method.  The  results  of  the  measurements  are  shown  in  Table  4. 

50  COMPARATIVE  EXAMPLE  4 

A  powder  of  CaC03,  a  powder  of  SrC03,  a  powder  of  CuO,  a  powder  of  Bi203,  and  a  powder  of  PbO, 
each  having  a  mean  particle  size  of  7  microns,  were  prepared  as  starting  powders  and  mixed  in  the 
following  proportions  by  weight  percent: 

55 
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5 

CaC03  Powder:  15.2  % 
SrC03  Powder:  22.4  % 
CuO  Powder:  18.1  % 
Bi203  Powder:  39.0  % 
PbO  Powder:  5.4  % 

The  powders  were  mixed  at  one  time  by  a  wet-type  ball  mill  for  3  hours  into  a  mixed  powder.  The 
mixed  powder  was  dried  and  heat-treated  in  an  oxidation  atmosphere  at  a  temperature  of  700  °C  for  10 

io  hours,  followed  by  being  crushed.  The  crushed  powder  was  heat-treated  in  an  oxidation  atmosphere  at  a 
temperature  of  800  °C  for  10  hours,  followed  by  being  crushed.  This  last  cycle  of  heat-treatment  and 
crushing  was  repeated  five  times  for  full  dispersion  of  elements,  followed  by  being  finely  crushed  into  a 
powder  of  a  conventional  Bi-Pb-Sr-Ca-Cu-0  oxide  formed  of  BhoSr^eCaLoCuLsOs+x  and  having  a  mean 
particle  size  of  10  microns. 

is  The  obtained  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  was  compacted  by  pressing  under  the 
same  conditions  as  those  in  Example  4  into  a  green  compact  having  a  density  of  3.0  g/cm3.  The  green 
compact  was  sintered  under  atmosheric  pressure  under  the  same  conditions  as  those  in  Example  4  into  a 
sintered  body.  The  sintered  body  was  oxygen  annealed  in  an  oxygen  atmosphere  to  obtain  a  comparative 
sintered  body  4. 

20  The  comparative  sintered  body  4  was  measured  in  respect  of  carbon  content,  density,  and  critical 
electric  current  density  Jc  and  critical  temperature  Tc.  The  measurement  results  are  shown  in  Table  4. 

EXAMPLE  5 

25  The  Bi-Pb-0  oxide  powder  having  the  composition  of  Bi203-3PbO,  which  is  the  same  powder  as  one 
prepared  in  Example  4,  was  added  to  the  Bi-Sr-Ca-Cu-0  oxide  powder  having  the  chemical  composition  of 
Bh.oSrLoCaLoCuLsOs,  which  is  the  same  powder  as  one  prepared  in  Example  4,  in  an  amount  of  20  %  by 
weight  (with  respect  to  the  latter  being  100  %),  to  be  mixed  by  a  wet-type  ball  mill,  followed  by  being  dried. 
The  mixed  powder  was  hot  pressed  under  a  pressure  of  294  MPa  in  an  oxidation  atmosphere  at  a 

30  temperature  of  640  °  C  for  5  hours  into  a  sintered  body  5  of  Bi-based  superconductive  oxide  containing  Pb 
according  to  the  present  invention. 

The  sintered  body  5  according  to  the  present  invention  was  measured  in  respect  of  carbon  content, 
density,  and  critical  electric  current  density  Jc  and  critical  temperature  Tc.  The  results  of  the  measurements 
are  shown  in  Table  4. 

35 
COMPARATIVE  EXAMPLE  5 

A  powder  of  a  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  having  a  chemical  composition  of 
Bii.33Pb0.29Sr1.oCa1.oCu1.505+x  was  prepared  in  the  same  manner  as  Comparative  Example  4.  The  Bi-Pb-Sr- 

40  Ca-Cu-0  superconductive  oxide  powder  Pb  was  hot  pressed  under  the  same  conditions  as  those  in 
Example  5  into  a  sintered  body  of  Bi-based  superconductive  oxide  containing  Pb.  The  sintered  body  was 
oxygen  annealed  in  an  oxygen  atmosphere  into  a  comparative  sintered  body  5. 

The  comparative  sintered  body  5  was  measured  in  respect  of  carbon  content,  density,  and  critical 
electric  current  density  Jc  and  critical  temperature  Tc.  The  measuring  results  are  shown  in  Table  4. 

45 
EXAMPLE  6 

50 

55 
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A  powder  of  Bi015,  the  powder  of  SrC03,  the  powder  of  CaC03,  and  the  powder  of  CuO  were  mixed  in 
proportions  by  weight  percent  of  Bi015:  36.4  %,  SrC03:  23.1  %,  CaC03:  15.6  %,  and  CuO:  24.9  %.  The 
mixed  powder  was  formed  in  the  same  manner  as  Example  4  into  a  Bi-Sr-Ca-Cu-0  oxide  powder  having  a 
composition  of  Bh.0SrL0CaL0Cu2.0O55  and  having  a  mean  particle  size  of  8  microns. 
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Then,  the  Bi-Pb-0  oxide  powder  having  the  composition  of  Bi203-3PbO  which  was  prepared  in  Example 
4,  was  added  to  the  above  Bi-Sr-Ca-Cu-0  oxide  powder  in  an  amount  of  10  %  by  weight  (with  respect  to 
the  latter  being  100  %)  into  a  mixed  powder.  The  mixed  powder  was  compacted  and  sintered  under  the 
same  conditions  as  those  in  Example  4  into  a  sintered  body  6  of  Bi-Pb-Sr-Ca-Cu-0  oxide  according  to  the 

5  present  invention. 
The  sintered  body  6  according  to  the  present  invention  was  measured  in  respect  of  carbon  content, 

density,  and  critical  electric  current  density  Jc  and  critical  temperature  Tc.  The  measurement  results  are 
shown  in  Table  4. 

w  COMPARATIVE  EXAMPLE  6 

A  powder  of  a  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide,  which  has  a  composition  of  Bh.oo.Pbo.iaSrLo 
CaLoCua.oOs+x  and  has  a  mean  particle  size  of  10  microns,  was  prepared  in  the  same  manner  as 
Comparative  Example  4.  The  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  was  compacted  by  pressing 

75  and  sintered  under  the  same  conditions  as  those  in  Example  4  into  a  sintered  body  of  Bi-based 
superconductive  oxide  containing  Pb.  The  sintered 
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iled  in  an  oxygen  atmosphere  into  a  comparative  sintered  body  6. 
rative  sintered  body  6  was  measured  in  respect  of  carbon  content,  density,  and  critical 
density  Jc  and  critical  temperature  Tc.  The  results  of  the  measurements  are  shown  in  Table 
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EXAMPLE  7 

The  Bi-Pb-0  oxide  powder  having  the  composition  of  Bi203-3PbO,  which  was  prepared  in  Example  4, 
was  added  to  the  Bi-Sr-Ca-Cu-0  oxide  powder  having  the  composition  of  Bh.0SrL0CaL0Cu2.0O55,  which  was 

5  prepared  in  Example  6,  in  an  amount  of  20  %  by  weight  (with  respect  to  the  latter  being  100  %)  into  a 
mixed  powder.  The  mixed  powder  was  hot  pressed  under  the  same  conditions  as  those  in  Example  5  into  a 
sintered  body  7  of  Bi-based  oxide  containing  Pb  according  to  the  present  invention. 

The  sintered  body  7  of  the  Bi-based  superconductive  oxide  containing  Pb  according  to  the  present 
invention  was  measured  in  respect  of  carbon  content,  density,  and  critical  electric  current  density  Jc  and 

io  critical  temperature  Tc.  The  results  of  the  measurements  are  shown  in  Table  5. 

COMPARATIVE  EXAMPLE  7 

A  powder  of  a  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  having  a  composition  of  Bi1.19Pbo.29.Sr1.oCa1.o 
is  Cu2.o05+x  was  prepared  in  the  same  manner  as  Comparative  Example  4.  The  Bi-Pb-Sr-Ca-Cu-0  supercon- 

ductive  oxide  powder  was  hot  pressed  under  the  same  conditions  as  those  in  Example  5,  followed  by  being 
oxygen  annealed  in  an  oxygen  atmosphere  into  a  comparative  sinterd  body  7. 

The  comparative  sintered  body  7  was  measured  in  respect  of  carbon  content,  density,  and  critical 
electric  current  density  Jc  and  critical  temperature  Tc.  The  measuring  results  are  shown  in  Table  5. 

20  It  will  be  noted  from  Tables  4  and  5  that  the  sintered  bodies  4  -  7  of  Bi-based  superconductive  oxides 
containing  Pb  according  to  the  present  invention,  which  have  been  obtained  by  sintering  or  hot  pressing  the 
mixed  powder  of  the  Bi-based  oxide  powder  and  the  Bi-Pb-0  oxide  powder,  each  have  higher  density,  and 
hence  higher  critical  electric  current  density  than  the  respective  correponding  comparative  sintered  bodies  4 
-  7,  which  have  been  obtained  by  sintering  or  hot  pressing  the  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide 

25  powder.  This  is  because  the  Bi-Pb-0  oxide  powder  serves  as  a  sintering  assistant  during  sintering  or  hot 
pressing  so  that  the  sintered  body  of  the  Bi-based  superconductive  oxide  containing  Pb  has  increased 
density  and  hence  higher  critical  electric  current  density,  even  if  the  sintering  or  hot  pressing  is  effected  at 
a  low  temperature. 

Further,  when  the  Bi-based  oxide  powder  is  sintered  or  hot  pressed  with  the  Bi-Pb-0  oxide  powder 
30  having  a  eutectic  structure  of  PbO-Bi203  as  a  sintering  assistant,  sintering  can  be  carried  out  at  such  a  low 

sintering  temperature  that  the  amount  of  oxygen  leaving  the  sintered  body  during  sintering  is  so  small  that 
the  resulting  sintered  body  of  the  Bi-based  superconductive  oxide  has  high  density  and  hence  excellent 
super  conductivity. 

35  Claims 

1.  A  method  of  manufacturing  a  powder  of  a  Bi-based  superconductive  oxide  containing  Pb,  comprising 
the  steps  of: 

(1)  mixing  a  Ca  carbonate  powder,  a  Sr  carbonate  powder,  and  a  Cu  oxide  powder  in  predetermined 
40  proportions,  and  sintering  the  resulting  mixed  powder  at  a  first  predetermined  temperature  in  the 

range  from  850  to  1050°  C  into  a  sinteered  body  of  a  Ca-Sr-Cu-0  oxide; 
(2)  mixing  a  Bi  oxide  powder  and  a  Pb  oxide  powder  in  predetermined  proportions,  and  sintering  the 
resulting  mixed  powder  at  a  second  predetermined  temperature  in  the  range  from  500  to  670  °  C  into 
a  sintered  body  of  a  Bi-Pb-0  oxide; 

45  (3)  crushing  said  Ca-Sr-Cu-0  oxide  sintered  body  and  said  Bi-Pb-0  oxide  sintered  body  into  a  Ca- 
Sr-Cu-0  oxide  powder  and  a  Bi-Pb-0  oxide  powder,  respectively; 
(4)  mixing  said  Ca-Sr-Cu-0  oxide  powder  and  said  Bi-Pb-0  oxide  powder  in  predetermined 
proportions,  and  sintering  the  resulting  mixed  powder  at  a  third  predetermined  temperature  in  the 
range  from  500  to  670°  C  into  a  sintered  body  of  a  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide;  and 

50  (5)  crushing  said  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  sintered  body  into  said  powder  of  said 
Bi-based  superconductive  oxide  containing  Pb. 

2.  A  method  of  manufacturing  a  sintered  body  formed  of  a  Bi-based  superconductive  oxide  containing  Pb 
comprising  the  steps  (1)  to  (5)  of  the  method  of  claim  1,  and  further 

55  (6)  forming  said  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  into  said  sintered  body  of  said  Bi- 
based  superconductive  oxide  containing  Pb. 

3.  A  method  as  claimed  in  claim  2,  wherein  said  sintered  body  of  said  Bi-based  superconductive  oxide 
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containing  Pb  is  formed  by  pressing  said  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder  into  a  green 
compact,  and  sintering  said  green  compact  at  a  fourth  predetermined  temperature  in  the  range  from 
500  to  890  °  C. 

5  4.  A  method  as  claimed  in  claim  2,  wherein  said  sintered  body  of  said  Bi-based  superconductive  oxide 
containing  Pb  is  formed  by  hot  pressing  said  Bi-Pb-Sr-Ca-Cu-0  superconductive  oxide  powder. 

5.  A  method  of  manufacturing  a  sintered  body  formed  of  a  Bi-based  superconductive  oxide  containing  Pb, 
comprising  the  steps  (1)  to  (3)  of  claim  2,  and  further 

io  (4)  mixing  said  Ca-Sr-Cu-0  oxide  powder  and  said  Bi-Pb-0  oxide  powder  in  predetermined 
proportions,  and  hot  pressing  the  resulting  mixed  powder  at  a  third  predetermined  temperature  in 
the  range  from  400  to  670  °  C  into  said  sintered  body  of  said  Bi-based  superconductive  oxide 
containing  Pb. 

is  6.  A  method  of  manufacturing  a  sintered  body  formed  of  a  Bi-based  superconductive  oxide  containing  Pb, 
comprising  the  steps  of: 

(1)  mixing  a  Bi  oxide  powder  and  a  Pb  oxide  powder  in  predetermined  proportions,  and  sintering  the 
resulting  mixed  powder  at  a  predetermined  temperature  lower  than  650  °  C  into  a  sintered  body  of  a 
Bi-Pb-0  oxide; 

20  (2)  crushing  said  Bi-Pb-0  oxide  sintered  body  into  a  powder,  and  mixing  said  powder  with  a  powder 
of  a  Bi-Sr-Ca-Cu-0  oxide  in  predetermined  proportions  into  a  mixed  powder;  and 
(3)  forming  said  sintered  body  of  said  Bi-based  superconductive  oxide  containing  Pb  from  the  last 
mentioned  mixed  powder. 

25  7.  A  method  as  claimed  in  claim  6,  wherein  said  sintered  body  of  said  Bi-based  superconductive  oxide 
containing  Pb  is  formed  by  pressing  the  last  mentioned  mixed  powder  into  a  green  compact,  and 
sintering  said  green  compact. 

8.  A  method  as  claimed  in  claim  6,  wherein  said  sintered  body  of  said  Bi-based  superconductive  oxide 
30  containing  Pb  is  formed  by  hot  pressing  the  last  mentioned  mixed  powder. 

9.  A  method  as  claimed  in  any  of  claims  1  ,  5  or  6,  wherein  said  Bi-Pb-0  oxide  is  formed  of  a  composite 
PbO-Bi203  .oxide. 

35  10.  A  method  as  claimed  in  claim  6,  wherein  said  Bi-Pb-0  oxide  is  formed  of  a  composite  PbO-Bi203  oxide 
having  a  PbO  content  within  a  range  from  60  to  80  molar  percent. 

11.  A  method  as  claimed  in  claim  10,  wherein  said  Bi-Pb-0  oxide  is  formed  by  a  composite  PbO-Bi203 
oxide  having  a  PbO  content  of  73  molar  percent  and  a  Bi203  content  of  27  molar  percent. 

40 
Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Pulvers  aus  supraleitfahigem  Oxid  auf  Bi-Basis,  das  Pb  enthalt,  mit  den 
folgenden  Schritten: 

45  (1)  Mischen  eines  Ca-Carbonat-Pulvers,  eines  Sr-Carbonat-Pulvers  und  eines  Cu-Oxid-Pulvers  in 
vorbestimmten  Anteilen  und  Sintern  des  resultierenden  Mischpulvers  bei  einer  ersten  vorbestimmten 
Temperatur  im  Bereich  von  850  bis  1050  °C  zu  einem  Sinterkorper  aus  einem  Ca-Sr-Cu-O-Oxid; 
(2)  Mischen  eines  Bi-Oxid-Pulvers  und  eines  Pb-Oxid-Pulvers  in  vorbestimmten  Anteilen  und  Sintern 
des  resultierenden  Mischpulvers  bei  einer  zweiten  vorbestimmten  Temperatur  im  Bereich  von  500 

50  bis  670  °  C  zu  einem  Sinterkorper  aus  einem  Bi-Pb-O-Oxid; 
(3)  Zerkleinern  des  Ca-Sr-Cu-O-Oxid-Sinterkorpers  und  des  Bi-Pb-O-Oxid-Sinterkorpers  zu  einem 
Ca-Sr-Cu-O-Oxid-Pulver  bzw.  zu  einem  Bi-Pb-O-Oxid-Pulver; 
(4)  Mischen  des  Ca-Sr-Cu-O-Oxid-Pulvers  und  des  Bi-Pb-O-Oxid-Pulvers  in  vorbestimmten  Anteilen 
sowie  Sintern  des  resultierenden  Mischpulvers  bei  einer  dritten  vorbestimmten  Temperatur  im 

55  Bereich  von  500  bis  670  °  C  zu  einem  Sinterkorper  aus  einem  supraleitfahigen  Bi-Pb-Sr-Ca-Cu-O- 
Oxid;  sowie 
(5)  Zerkleinern  des  supraleitenden  Bi-Pb-Sr-Ca-Cu-O-Oxid-Sinterkorperszu  dem  Pulver  aus  supraleit- 
fahigem  Oxid  auf  Bi-Basis,  das  Pb  enthalt. 
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2.  Verfahren  zur  Herstellung  eines  Sinterkorpers  aus  einem  supraleitfahigen  Oxid  auf  Bi-Basis,  das  Pb 
enthalt,  mit  den  Schritten  (1)  bis  (5)  des  Verfahrens  nach  Anspruch  1,  sowie 

(6)  Formen  des  supraleitfahigen  Bi-Pb-Sr-Ca-Cu-O-Oxid-Pulvers  zu  dem  Sinterkorper  aus  dem 
supraleitfahigen  Oxid  auf  Bi-Basis,  das  Pb  enthalt. 

5 
3.  Verfahren  nach  Anspruch  2,  bei  welchem  der  Sinterkorper  aus  dem  supraleitfahigen  Oxid  auf  Bi-Basis, 

das  Pb  enthalt,  dadurch  geformt  wird,  daC  das  supraleitfahige  Bi-Pb-Sr-Ca-Cu-O-Oxid-Pulver  zu  einem 
Grunling  gepre/St  wird  und  der  Grunling  bei  einer  vierten  vorbestimmten  Temperatur  im  Bereich  von 
500  bis  890  °  C  gesintert  wird. 

10 
4.  Verfahren  nach  Anspruch  2,  bei  welchem  der  Sinterkorper  aus  dem  supraleitfahigen  Oxid  auf  Bi-Basis, 

das  Pb  enthalt,  durch  Hei/Spressen  des  supraleitfahigen  Bi-Pb-Sr-Ca-Cu-O-Oxid-Pulvers  geformt  wird. 

5.  Verfahren  zur  Herstellung  eines  aus  einem  supraleitfahigen  Oxid  auf  Bi-Basis,  das  Pb  enthalt, 
is  geformten  Sinterkorpers,  mit  den  Schritten  (1)  bis  (3)  aus  Anspruch  2  und  au/Serdem 

(4)  Mischen  des  Ca-Sr-Cu-O-Oxid-Pulvers  und  des  Bi-Pb-O-Oxid-Pulvers  in  vorbestimmten  Anteilen 
und  Hei/Spressen  des  resultierenden  Mischpulvers  bei  einer  dritten  vorbestimmten  Temperatur  im 
Bereich  von  400  bis  670  °  C  zu  dem  Sinterkorper  aus  dem  supraleitfahigen  Oxid  auf  Bi-Basis,  das 
Pb  enthalt. 

20 
6.  Verfahren  zur  Herstellung  eines  Sinterkorpers,  der  aus  einem  supraleitfahigen  Oxid  auf  Bi-Basis,  das 

Pb  enthalt,  geformt  ist,  mit  den  folgenden  Schritten: 
(1)  Mischen  eines  Bi-Oxid-Pulvers  und  eines  Pb-Oxid-Pulvers  in  vorbestimmten  Anteilen  und  Sintern 
des  resultierenden  gemischten  Pulvers  bei  einer  vorbestimmten  Temperatur  von  weniger  als  650  °  C 

25  zu  einem  Sinterkorper  aus  einem  Bi-Pb-O-Oxid; 
(2)  Zerkleinern  des  Bi-Pb-O-Oxid-Sinterkorpers  zu  einem  Pulver  und  Mischen  des  Pulvers  mit  einem 
Pulver  aus  einem  Bi-Sr-Ca-Cu-O-Oxid  in  vorbestimmten  Anteilen  zu  einem  Mischpulver;  und 
(3)  Formen  des  Sinterkorpers  aus  dem  supraleitfahigen  Oxid  auf  Bi-Basis,  das  Pb  enthalt  aus  dem 
zuletzt  erwahnten  Mischpulver. 

30 
7.  Verfahren  nach  Anspruch  6,  bei  welchem  der  Sinterkorper  aus  dem  supraleitfahigen  Oxid  auf  Bi-Basis, 

das  Pb  enthalt,  dadurch  geformt  wird,  daC  das  zuletzt  erwahnte  Mischpulver  zu  einem  Grunling  gepre/St 
wird  und  der  Grunling  gesintert  wird. 

35  8.  Verfahren  nach  Anspruch  6,  bei  welchem  der  Sinterkorper  aus  dem  supraleitfahigen  Oxid  auf  Bi-Basis, 
das  Pb  enthalt,  dadurch  geformt  wird,  daC  das  zuletzt  erwahnte  Mischpulver  hei/Sgepre/St  wird. 

9.  Verfahren  nach  einem  der  Anspruche  1  ,  5  oder  6,  bei  welchem  das  Bi-Pb-O-Oxid  aus  einem  Komposit- 
PbO-Bi203.Oxid  geformt  ist. 

40 
10.  Verfahren  nach  Anspruch  6,  bei  welchem  das  Bi-Pb-O-Oxid  aus  einem  Komposit-PbO-Bi203-Oxid  mit 

einem  PbO-Anteil  innerhalb  des  Bereiches  von  60  bis  80  Mol-%  geformt  ist. 

11.  Verfahren  nach  Anspruch  10,  bei  welchem  das  Bi-Pb-O-Oxid  durch  ein  Komposit-PbO-Bi203-Oxid  mit 
45  einem  PbO-Anteil  von  73  Mol-%  und  einem  Bi203-Gehalt  von  27  Mol-%  geformt  ist. 

Revendicatlons 

1.  Un  procede  de  fabrication  d'une  poudre  d'un  oxyde  supraconducteur  a  base  de  Bi  contenant  Pb, 
50  comprenant  les  etapes  suivantes  : 

(1)  on  melange  une  poudre  de  carbonate  de  Ca,  une  poudre  de  carbonate  de  Sr  et  une  poudre 
d'oxyde  de  Cu  dans  des  proportions  predeterminees  et  on  fritte  le  melange  en  poudre  resultant  a 
une  premiere  temperature  predetermined  dans  la  gamme  de  850  a  1  050  °C  en  un  corps  fritte  d'un 
oxyde  Ca-Sr-Cu-0  ; 

55  (2)  on  melange  une  poudre  d'oxyde  de  Bi  et  une  poudre  d'oxyde  de  Pb  dans  des  proportions 
predeterminees  et  on  fritte  le  melange  en  poudre  resultant  a  une  seconde  temperature  predetermi- 
nee  dans  la  gamme  de  500  a  670°  C  en  un  corps  fritte  d'un  oxyde  Bi-Pb-O; 
(3)  on  broie  ledit  corps  fritte  d'oxyde  Ca-Sr-Cu-0  et  ledit  corps  fritte  d'oxyde  Bi-Pb-0  en  une  poudre 
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d'oxyde  Ca-Sr-Cu-0  et  une  poudre  d'oxyde  Bi-Pb-O,  respectivement  ; 
(4)  on  melange  ladite  poudre  d'oxyde  Ca-Sr-Cu-0  et  ladite  poudre  d'oxyde  Bi-Pb-0  dans  des 
proportions  predeterminees  et  on  fritte  le  melange  en  poudre  resultant  a  une  troisieme  temperature 
predeterminee  dans  la  gamme  de  500  a  670  °C  en  un  corps  fritte  d'un  oxyde  supraconducteur  Bi- 

5  Pb-Sr-Ca-Cu-0  ;  et 
(5)  on  broie  ledit  corps  fritte  d'oxyde  supraconducteur  Bi-Pb-Sr-Ca-Cu-0  en  ladite  poudre  dudit 
oxyde  supraconducteur  a  base  de  Bi  contenant  Pb. 

2.  Un  procede  de  fabrication  d'un  corps  fritte  forme  d'un  oxyde  supraconducteur  a  base  de  Bi  contenant 
io  Pb,  comprenant  les  etapes  (1)  a  (5)  du  procede  selon  la  revendication  1  et,  en  outre,  I'etape  suivante  : 

(6)  on  moule  ladite  poudre  d'oxyde  supraconducteur  Bi-Pb-Sr-Ca-Cu-0  en  ledit  corps  fritte  dudit 
oxyde  supraconducteur  a  base  de  Bi  contenant  Pb. 

3.  Un  procede  selon  la  revendication  2,  dans  lequel  ledit  corps  fritte  dudit  oxyde  supraconducteur  a  base 
is  de  Bi  contenant  Pb  est  forme  en  comprimant  ladite  poudre  d'oxyde  supraconducteur  Bi-Pb-Sr-Ca-Cu-0 

en  un  comprime  vert  et  en  frittant  ledit  comprime  vert  a  une  quatrieme  temperature  predeterminee  et 
dans  la  gamme  de  500  a  890  °  C. 

4.  Un  procede  selon  la  revendication  2,  dans  lequel  ledit  corps  fritte  dudit  oxyde  supraconducteur  a  base 
20  de  Bi  contenant  Pb  est  forme  par  compression  a  chaud  de  ladite  poudre  d'oxyde  supraconducteur  Bi- 

Pb-Sr-Ca-Cu-O. 

5.  Un  procede  de  fabrication  d'un  corps  fritte  forme  d'un  oxyde  supraconducteur  a  base  de  Bi  contenant 
Pb,  comprenant  les  etapes  (1)  a  (3)  selon  la  revendication  2  et,  en  outre,  I'etape  suivante  : 

25  (4)  on  melange  ladite  poudre  d'oxyde  Ca-Sr-Cu-0  et  ladite  poudre  d'oxyde  Bi-Pb-0  dans  des 
proportions  predeterminees  et  on  presse  a  chaud  le  melange  en  poudre  resultant  a  une  troisieme 
temperature  predeterminee  dans  la  gamme  de  400  a  670  °  C  en  ledit  corps  fritte  dudit  oxyde 
supraconducteur  a  base  de  Bi  contenant  Pb. 

30  6.  Un  procede  de  fabrication  d'un  corps  fritte  forme  d'un  oxyde  supraconducteur  a  base  de  Bi  contenant 
Pb,  comprenant  les  etapes  suivantes  : 

(1)  on  melange  une  poudre  d'oxyde  de  Bi  et  une  poudre  d'oxyde  de  Pb  dans  des  proportions 
predeterminees  et  on  fritte  le  melange  en  poudre  resultant  a  une  temperature  predeterminee 
inferieure  a  650  °C  en  un  corps  fritte  d'un  oxyde  Bi-Pb-O; 

35  (2)  on  broie  ledit  corps  fritte  d'oxyde  Bi-Pb-0  en  une  poudre  et  on  melange  ladite  poudre  avec  une 
poudre  d'un  oxyde  Bi-Sr-Ca-Cu-0  dans  des  proportions  predeterminees  en  un  melange  en  poudre  ; 
et 
(3)  on  forme  ledit  corps  fritte  dudit  oxyde  supraconducteur  a  base  de  Bi  contenant  Pb  a  partir  du 
melange  en  poudre  cite  en  dernier. 

40 
7.  Un  procede  selon  la  revendication  6,  dans  lequel  ledit  corps  fritte  dudit  oxyde  supraconducteur  a  base 

de  Bi  contenant  Pb  est  forme  en  comprimant  le  melange  en  poudre  cite  en  dernier  en  un  comprime 
vert  et  en  frittant  ledit  comprime  vert. 

45  8.  Un  procede  selon  la  revendication  6,  dans  lequel  ledit  corps  fritte  dudit  oxyde  supraconducteur  a  base 
de  Bi  contenant  Pb  est  forme  par  pressage  a  chaud  du  melange  en  poudre  cite  en  dernier. 

9.  Un  procede  selon  I'une  quelconque  des  revendications  1  ,  5  ou  6,  dans  lequel  ledit  oxyde  Bi-Pb-0  est 
forme  d'un  oxyde  composite  PbO-Bi203. 

50 
10.  Un  procede  selon  la  revendication  6,  dans  lequel  ledit  oxyde  Bi-Pb-0  est  forme  d'un  oxyde  composite 

PbO-Bi203  ayant  une  teneur  en  PbO  dans  la  gamme  de  60  a  80  mol  %. 

11.  Un  procede  selon  la  revendication  10,  dans  lequel  ledit  oxyde  Bi-Pb-0  est  forme  d'un  oxyde  composite 
55  PbO-Bi203  ayant  une  teneur  en  PbO  de  73  mol  %  et  une  teneur  en  Bi203  de  27  mol  %. 
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