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Description 

BACKGROUND  OF  THE  INVENTION 

5  1  .  Field  Of  The  Invention: 

This  invention  provides  new  ceramic  electrostrictive  compositions,  a  process  for  the  preparation  of  the 
compositions  into  an  electrostrictvie  material  and  specific  applications  for  the  electrostrictive  material. 

io  2.  Description  Of  The  Prior  Art: 

The  electrostrictive  effect  relates  to  a  lattice  phenomenon  in  the  crystal  lattice  of  materials.  Particularly, 
the  electrostrictive  effect  comes  from  the  direct  attraction  and  repulsion  of  anions  and  cations  in  a  crystal 
lattice,  said  attraction  and  repulsion  resulting  from  the  application  of  an  external  electric  field.  The  attraction 

75  and/or  repulsion  in  the  crystal  lattice  results  in  a  physical  distortion  of  the  lattice.  This  lattice  distortion 
causes  a  displacement  or  strain  in  the  material.  Stated  quantitatively,  the  strain  in  an  electrostrictive  material 
is  proportional  to  the  electrostrictive  coefficient  multiplied  by  the  square  of  the  electric  field.  The  relationship 
between  strain  and  polarization  and  the  relationship  between  strain  and  dielectric  constant  are  shown  below 
in  Equations  1a  and  1b,  wherein  S  =  strain,  Q  =  electrostrictive  coefficient,  K  =  dielectric  constant  (relative 

20  permittivity  at  the  applied  field),  Eo  =  permittivity  of  free  space,  P  =  polarization  and  E  =  applied  electric 
field: 

S  =  QP2  [Equation  1a] 

25  S  =  Q(KEo)2E2  [Equation  1b] 

The  electrostrictive  effect  should  not  be  confused  with  the  piezoelectric  effect,  or  more  particularly,  the 
converse  piezoelectric  effect.  In  the  converse  piezoelectric  effect  the  amount  of  strain  which  occurs  in  a 
piezoelectric  material  is  equal  to  the  piezoelectric  strain  coefficient  multiplied  by  the  electric  field.  The 

30  relationship  between  strain  and  applied  electric  field  is  shown  below  in  Equation  2,  wherein  S  =  strain,  d  = 
piezoelectric  strain  coefficient  and  E  =  applied  electric  field. 

S  =  dE  [Equation  2] 

35  Moreover,  a  single  material  can  exhibit  both  the  piezoelectric  effect  and  the  electrostrictive  effect.  To 
exemplify  how  a  material  can  show  both  the  piezoelectric  and  the  electrostrictive  effect,  reference  is  made 
to  Figure  1  . 

Figure  1  shows  a  simplified  curve  for  a  material  which  exhibits  both  a  piezoelectric  effect  and  an 
electrostrictive  effect.  Particularly,  Figure  1  shows  the  relationship  between  dielectric  constant  and  tempera- 

40  ture  for  such  a  material.  The  temperature  at  which  the  dielectric  constant  is  the  highest,  at  a  specific 
frequency,  is  known  as  the  Curie  Point  Temperature  (hereinafter  referred  to  as  Tc).  On  the  low  temperature 
side  of  Tc  (i.e.,  the  "A"  portion  of  Fig.  1)  the  material  is  ferroelectric  (i.e.,  the  material  is  non-isotropic). 
When  the  material  is  ferroelectric,  it  typically  has  a  tetragonal  or  rhombohedral  crystal  structure  and  is 
capable  of  being  poled.  Thus,  individual  domains  within  the  material  will  attempt  to  align  themselves  with  an 

45  externally  applied  electric  field  causing  the  otherwise  randomly  oriented  dipoles  of  the  polycrystalline 
material  to  be  oriented.  Such  orientation  results  in  a  net  distribution  of  positive  and  negative  charges  in  the 
polycrystalline  material  (i.e.,  a  dipole).  Piezoelectric  materials  can  then  be  utilized  for  such  applications  as 
transducers  for  sound  (e.g.,  microphones,  alarm  systems),  high  power  ultrasonic  generators  (e.g.,  sonar, 
ultrasonic  cleaning),  pick-ups  and  sensors  (e.g.,  record  players),  resonators  and  filters  (e.g.,  radio,  televi- 

50  sion),  and  the  like. 
However,  on  the  high  temperature  side  of  Tc  (i.e,  the  "B"  portion  of  Figure  1),  the  material  is 

paraelectric  (i.e.,  the  material  is  isotropic).  When  the  material  is  paraelectric,  it  typically  has  a  cubic  crystal 
structure.  It  is  the  paraelectric  phase  of  particular  ceramic  compositions  which  is  the  focus  of  this 
application. 

55  Lead  magnesium  niobate  (hereinafter  referred  to  as  PMN)  was  discovered  to  be  ferroelectric  as  early  as 
1961.  In  approximately  1980,  the  electrostriction  phenomenon  was  discovered  to  exist  in  PMN.  However, 
pure  PMN  has  a  Tc  which  occurs  at  approximately  -20  °C.  Moreover,  the  dielectric  constant  for  PMN  is  very 
temperature  dependent  which  means  that  a  slight  deviation  from  the  temperature  at  which  Tc  occurs  leads 
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to  a  large  change  in  the  dielectric  constant.  Thus,  attempts  have  been  made  to  modify  the  pure  PMN 
system  with  dopants.  For  example,  PMN  has  been  doped  with  between  8-10  mole  percent  lead  titanate 
(hereinafter  referred  to  as  PT).  By  doping  PMN  with  PT,  thereby  resulting  in  a  PMN-PT  solid  solution,  the 
Tc  was  raised  to  a  higher  temperature  and  the  resulting  dielectric  constant  for  the  PMN-PT  solid  solution 

5  was  higher  than  the  dielectric  constant  of  pure  PMN.  Thus,  the  strain  which  can  be  developed  in  the  PMN- 
PT  system  is  higher  than  the  strain  which  can  result  in  the  pure  PMN  system  because  the  dielectric 
constant  for  the  PMN-PT  system  is  higher  at  Tc.  Accordingly,  because  strain  is  proportional  to  the  square  of 
the  dielectric  constant  in  an  electrostrictive  composition,  a  small  change  in  dielectric  constant  can  have  a 
dramatic  impact  on  the  resultant  strain  in  the  material.  Thus,  PMN  doped  with  8-10  mole  percent  of  PT 

io  results  in  a  material  which  has  a  Tc  closer  to  room  temperature.  This  shifting  of  Tc  is  very  important  for  the 
following  reasons. 

If  an  electrostrictive  material  is  to  be  used  at  room  temperature,  it  is  desirable  for  that  material  to  exhibit 
a  Tc  at  or  near  room  temperature.  This  permits  maximization  of  the  dielectric  constant  and  thus 
maximization  of  strain.  However,  for  many  applications  a  constant  environmental  temperature,  such  as  room 

is  temperature,  cannot  be  assured.  Thus,  in  reference  to  Figure  1,  it  is  clear  that  for  known  electrostrictive 
materials  the  dielectric  constant  is  largely  dependent  upon  temperature.  Accordingly,  all  previously  known 
applications  for  electrostrictive  materials  have  been  restricted  to  environments  which  have  a  substantially 
constant  temperature.  However,  if  it  is  desired  to  use  electrostrictive  materials  for  applications  in  which 
constant  environmental  temperatures  cannot  be  assured,  then  the  known  prior  art  compositions  are 

20  inadequate. 
For  example,  in  reference  to  Figure  1,  if  the  environmental  temperature  to  which  the  electrostrictive 

material  is  exposed  changes  as  little  as  20  °C,  the  dielectric  constant  could  be  reduced  in  value  by  1/3-1/2. 
This  would  be  undesirable  from  an  application  perspective  because  such  changes  in  dielectric  constant 
would  result  in  fluctuating  measurements.  Alternatively,  the  calibration  or  control  devices  connected  to  the 

25  electrostrictive  material  would  have  to  be  very  complex  to  compensate  for  such  fluctuations  in  dielectric 
constant,  otherwise,  any  measurements  taken  would  be  unreliable.  In  other  words,  all  known  electrostrictive 
compositions  suffer  from  the  drawback  that  even  if  a  high  dielectric  constant  can  be  achieved  for  a 
particular  temperature,  if  the  environmental  temperature  varies  slightly  from  Tc,  then,  the  dielectric  constant 
also  varies  resulting  in  an  unreliable  system. 

30  There  are  also  known  various  manufacturing  processes  for  the  formation  of  an  electrostrictive  ceramic 
material.  Such  processes  include  the  conventional  mixing  of  oxides.  However,  as  is  the  case  in  many 
electroceramic  compositions,  many  investigations  continue  in  an  effort  to  determine  an  optimum  process  for 
forming  electrostrictive  ceramic  materials. 

35  SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  developed  in  view  of  the  foregoing  and  in  an  attempt  to  overcome  the 
deficiencies  of  the  prior  art. 

It  is  an  aim  of  the  invention  to  provide  a  novel  electrostrictive  ceramic  composition  which  increases 
40  dielectric  constant  and  reduces  the  dependence  of  the  dielectric  constant  on  temperature  at  a  temperature 

near  the  Curie  Point  Temperature  (i.e.,  Tc). 
It  is  a  further  aim  of  the  invention  to  provide  a  fabrication  process  for  reliably  obtaining  the  new 

electrostrictive  material. 
Investigations  have  focussed  upon  the  lead  magnesium  niobate-lead  titanate  (PMN-PT)  solid  solution 

45  system  which  is  doped  With  small  weight  percentages  of  barium  titanate  (hereinafter  referred  to  as  BT) 
and/or  strontium  titanate  (hereinafter  referred  to  as  ST).  The  PMN-PT-(BT.ST)  solid  solution  system  has 
been  found  to  have  a  Tc  between  0  °  and  60  °  C  depending  upon  the  precise  composition  of  the  system 
and,  more  importantly,  shows  a  decreased  dependence  of  the  dielectric  constant  on  temperature.  Thus,  for 
temperatures  near  Tc,  the  dielectric  constant  does  not  vary  as  much  as  it  does  in  known  electrostrictive 

50  compositions. 
Moreover,  in  the  novel  PMN-PT-(BT.ST)  composition,  within  the  temperature  range  of  0°C  to  60  °C,  the 

material  remains  substantially  completely  paraelectric.  It  is  important  for  PMN-PT-(BT.ST)  to  be  paraelectric 
in  the  temperature  range  of  0°to  60  °C  because  if  the  material  was  ferroelectric  rather  than  paraelectric, 
any  application  of  an  external  electric  field  would  result  in  at  least  a  partial  poling  of  the  material  (i.e.,  an 

55  orientation  of  domains  within  the  material).  If  poling  were  to  occur,  when  an  external  field  was  switched, 
domain  walls  would  have  to  move  in  accordance  with  the  applied  field.  Such  domain  wall  movement  causes 
friction  in  the  material.  This  friction  is  not  desirable  because  it  leads  to  hysteresis  in  the  material.  Hysteresis 
is  not  a  problem  in  PMN-PT-(BT.ST),  because  the  material  remains  paraelectric  and  domain  orientation 

4 
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does  not  occur  to  any  significant  extent. 
Thus,  according  to  a  principal  aspect  of  the  invention,  there  is  provided  an  electrostrictive  ceramic 

composition  consisting  essentially  of  a  solid  solution  of  lead  magnesium  niobate,  lead  titanate  and  at  least 
one  dopant  selected  from  barium  titanate  and  strontium  titanate,  said  composition  being  defined  by  the 

5  following  formula: 

(W)Pb(Mg1/3Nb2/3)03  .(X)PbTi03  .(Y)Z, 

wherein 
10 

55  wt.%   ̂ 97  wt.  %, 
2.5  wt.%   ̂ X  <  45  wt.  %, 
0.5  wt.%   ̂ 20  wt.  %, 
W  +  X  +  Y^  100  wt.%,  and 

15 
Z  is  at  least  one  material  selected  from  barium  titanate  and  strontium  titanate. 

According  to  another  aspect,  the  invention  provides  a  method  of  making  an  electrostrictive  material 
comprising: 

mixing  together  powders  of  Pb(Mg1/3Nb2/3)03,  PbTi03,  PbO,  Ti02  and  at  least  one  dopant  material 
20  selected  from  SrC03  and  BaC03  in  desired  stoichiometric  proportions  to  form  a  mixture; 

wet  milling  said  mixture; 
dry  and  calcining  said  mixture  to  form  calcined  powder; 
wet  milling  said  calcined  powder; 
forming  a  binder-distilled  water  mixture; 

25  adding  said  calcined  powder  to  said  binder-distilled  water  mixture  to  form  a  slurry 
evaporating  substantially  all  water  from  the  slurry  to  form  a  dried  mass; 
grinding  the  dried  mass  to  -100  mesh  powder; 
dry  pressing  said  -100  mesh  powder  to  form  compacts; 
isostatically  pressing  said  compacts  to  form  pellets; 

30  packing  the  pellets  into  a  powder  having  substantially  the  same  chemically  composition  as  the  pellets; 
and 

firing  the  pellets. 
According  to  a  further  aspect,  the  invention  provides  a  method  of  making  an  electrostrictive  material 

comprising: 
35  mixing  together  powders  of  MgO  and  Nb205  in  desired  stiochiometric  proportions  to  form  a  mixture; 

wet  milling  said  mixture; 
drying  and  calcining  said  mixture  to  form  a  calcined  powder; 
mixing  together  said  calcined  powder,  with  starting  powders  of  Ti02,  PbO  and  at  least  one  dopant 

material  selected  from  BaC03  and  SrC03  in  desired  stoichiometric  proportions  to  form  a  second  mixture; 
40  wet  milling  said  second  mixture; 

drying  and  calcining  said  second  mixture  to  form  a  second  calcined  powder; 
wet  milling  said  second  calcined  powder; 
forming  a  binder-distilled  water  mixture; 
adding  said  second  calcined  powder  to  said  binder-distilled  water  mixture  to  form  a  slurry; 

45  evaporating  substantially  all  water  from  the  slurry  to  form  a  dried  mass; 
grinding  the  dried  mass  to  form  a  -100  mesh  powder; 
dry  pressing  said  -100  mesh  powder  to  form  compacts; 
isostatically  pressing  said  compacts  to  form  pellets; 
packing  the  pellets  into  a  powder  having  substantially  the  same  chemical  composition  as  the  pellets; 

50  and 
firing  the  pellets. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

55  The  invention  is  described  in  detail  with  reference  to  the  accompanying  drawings,  wherein: 
Figure  1  is  a  representative  curve  of  the  dependence  of  dielectric  constant  on  temperature  for  a  typical 
prior  art  piezoelectric-electrostrictive  material; 

5 
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Figure  2A  is  a  ternary  diagram  showing  the  preferred  and  more  preferred  composition  ranges  of  the 
present  invention; 
Figure  2B  is  a  ternary  diagram  showing  the  preferred,  more  preferred  and  most  preferred  composition 
ranges  of  the  present  invention; 

5  Figure  3  shows  the  effect  of  doping  a  0.88  PMN  -  0.12  PT  system  with  2%  BT  and  4%  BT; 
Figure  4  shows  the  effect  of  doping  a  0.88  PMN  -  0.12  PT  system  with  2%  ST  and  4%  ST; 
Figure  5  shows  a  superimposition  of  each  of  the  1  kHz  dopant  curves  shown  in  Figures  3  and  4  and 
compares  same  with  undoped  0.88  PMN  -  0.12  PT; 
Figure  6  shows  the  effect  of  doping  a  0.88  PMN-0.12  PT  system  made  with  high  purity  oxides  with  2% 

io  BT  and  compares  same  with  undoped  0.88  PMN  -  0.12  PT  made  with  high  purity  oxides; 
Figure  7  shows  the  loss  tangent  data  at  1  kHz  as  a  function  of  temperature  for  undoped  0.88  PMN-0.12 
PT  and  0.88  PMN-0.12  PT  doped  with  2%  BT  and  4%  BT; 
Figure  8  shows  the  loss  tangent  data  at  1  kHz  as  a  function  of  temperature  for  undoped  0.88  PMN-0.12 
PT  and  0.88  PMN-  0.12  PT  doped  with  2%  ST  and  4%  ST; 

is  Figure  9  shows  the  loss  tangent  data  at  1  kHz  as  a  function  of  temperature  for  undoped  0.88  PMN-0.12 
PT  made  With  high  purity  oxides  and  0.88  PMN-0.12  PT  made  with  high  purity  oxides  and  doped  with 
2%  BT; 
Figure  10  shows  the  relationship  between  strain  and  applied  electric  field  at  room  temperature  for: 
undoped  PMN,  undoped  0.88  PMN  -  0.12  PT,  and  0.88  PMN-0.12  PT  doped  with  2%  BT  and  with  4% 

20  BT; 
Figure  11  shows  the  relationship  between  strain  and  applied  electric  field  at  room  temperature  for: 
undoped  PMN,  undoped  0.88  PMN-0.12  PT,  and  0.88  PMN  -  0.12  PT  doped  with  2%  ST  and  4%  ST. 
Figure  12  shows  the  relationship  between  strain  and  applied  electric  field  at  room  temperature  for: 
undoped  0.88  PMN-0.12PT  made  With  high  purity  oxides  and  0.88  PMN-0.12  PT  made  with  high  purity 

25  oxides  and  doped  with  2%  BT; 
Figure  13A  shows  an  X-ray  diffraction  pattern  taken  of  a  pellet  surface  having  the  composition  0.98  (0.88 
PMN  -  0.12  PT)  -  0.02  BT;  Figure  13B  shows  an  X-ray  diffraction  pattern  taken  from  a  pellet  surface 
having  the  composition  0.96  (0.88  PMN  -  0.12  PT)  -  .04  BT; 
Figure  14A  shows  an  X-ray  diffraction  pattern  taken  from  a  pellet  surface  having  the  composition  0.98 

30  (0.88  PMN  -  .12  PT)  -  0.02  ST;  and  Figure  14B  shows  an  X-ray  diffraction  pattern  taken  from  a  pellet 
surface  having  the  composition  0.96  (.88  PMN  -  .12  PT)  -  .04  ST; 
Figure  15  shows  an  X-ray  diffraction  pattern  taken  of  a  pellet  surface  having  the  composition  0.98  (0.88 
PMN-0.12PT)-0.02  BT  made  With  high  purity  oxides. 

35  DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  solid  solution  system  of  PMN-PT-(BT.ST)  was  examined  in  an  effort  to  obtain  a  desirable 
electrostrictive  composition.  Table  A  illustrates  the  preferred,  more  preferred,  and  most  preferred  com- 
positional  ranges  of  the  present  invention.  Figure  2A  shows  the  broad,  preferred,  and  more  preferred 

40  composition  ranges  of  the  present  invention,  while  Figure  2B  shows  the  preferred,  more  preferred,  and  most 
preferred  ranges. 

TABLE  A 

COMPOSITIONAL  RANGES  (IN  WEIGHT  PERCENT) 

PMN  PT  BT/ST 

Broad  55  -  97  2.5  -  45  0.5  -  20 
Preferred  80  -  97  2.5  -  19  0.5  -  10 
More  Preferred  82-94  4-  18  0.5-6 
Most  Preferred  84.5  -  86.2  1  1  .5  -  1  1  .8  2  -4  

The  compositions  set  forth  in  Tables  1a  and  1b  exhibit  extremely  favorable  electrostrictive  properties. 
55  When  choosing  an  electrostrictive  composition,  there  is  a  trade-offf  which  must  occur  in  the  selection 

process.  For  example,  when  either  of  the  dopants  of  BT  or  ST  are  added  to  the  PMN-PT  system,  these 
dopants  will  reduce  the  dielectric  constant.  It  is  desirable  for  the  dielectric  constant  to  be  reduced  as  little 
as  possible  so  that  the  strain  properties  of  the  material  are  not  sacrificed.  However,  it  has  been  discovered 
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that  addition  of  these  same  dopants  desirably  broadens  out  or  flattens  the  peak  which  occurs  at  Tc.Still 
further,  it  has  been  unexpectedly  discovered  that  the  addition  of  BT  or  ST  to  PMN-PT  actually  lowers  Tc  - 
(i.e.,  shifts  Tc  to  a  lower  temperature).  This  is  quite  unexpected  because  an  artisan  of  ordinary  skill  would 
expect  the  addition  of  BT  or  ST  to  the  PMN-PT  system  to  follow  normal  mixing  rules.  Specifically,  each  of 
BT  and  ST  has  a  Tc  which  is  higher  than  Tc  for  PMN-PT.  Thus,  if  this  system  followed  the  normal  mixing 
rule,  one  would  expect  Tc  to  be  shifted  to  a  higher  temperature  rather  than  a  lower  temperature.  This 
unexpected  shift  in  Tc  has  not  yet  been  explained.  It  is  clear  that  the  balancing  or  trade-off  of  the  various 
electrical  properties  in  an  electrostrictive  material  is  an  important  issue. 

10 TABLE  1a 
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Composition  Formula  Density  (g/cc)  %  Net  Wt  Loss 
No. 

1  0.88  PMN  -  0.12  PT  7.12  1.8 
2  0.98(0.88  PMN-0.12PT)-0.02  BT  7.27  0.3 
3  0.96(0.88  PMN-0.12PT)-0.04  BT  7.49  2.2 
4  0.98(0.88  PMN-0.12PT)-0.02  ST  7.50  1.7 
5  0.96(0.88  PMN-0.12PT)-0.04  ST  7.43  3.0 

The  ceramic  compositions  recited  in  Table  1a  were  obtained  by  the  following  procedure. 
Starting  powders  of  Pb(Mg1/3Nb2/3)03  (Cabot-Lot  47  "wet  cake"  purchased  Dec.  1986)  a  fine  grain 

size  PbTi03  (Cabot)  and  Puratronic  grade  (99.999  +  %)  PbO  and  Ti02  were  mixed  together  with  either 
BaC03  or  SrC03  in  stoichiometric  proportions.  Either  barium  carbonate  or  stronium  carbonate  was  utilized 
depending  upon  which  of  barium  or  stronium  was  desired  to  be  used  as  a  dopant.  The  "Lot  47  wet  cake" 
was  purchased  from  Cabot  in  December  1986  and  it  contains  lead,  magnesium  and  niobium  compounds 
made  by  a  solution  precipitation  process,  said  compounds  being  present  in  near  stoichiometric  proportions 
to  obtain  the  desired  final  composition.  The  amount  of  "wet  cake"  used  has  to  be  adjusted  for  the  loss  of 
non-oxide  constituents  which  burn-off  during  calcining.  Therefore,  adjustments  must  be  made  to  the  mixture 
to  compensate  for  such  burn-off.  For  example,  after  the  wet  cake  has  been  calcined,  only  68.62  weight  % 
oxides  remain.  Thus,  for  every  100  grams  of  "wet  cake",  68.62  grams  of  oxides  will  result  after  calcining 
(i.e.,  68.62  grams  of  PMN  material).  The  resultant  powder  mixture  is  present  in  stoichiometric  proportions. 
This  mixture  is  then  wet  milled  for  approximately  30  hours  in  water  for  homogenization,  with  Darvon  C® 
being  added  as  a  dispersant.  The  approximate  distribution  of  starting  materials  for  the  wet  milling  step  is  38 
wt  %  powder  mixture,  51  wt  %  2  mm  diameter  Zr02  grinding  balls,  2  wt  %  Darvon  C  and  9  wt  %  water. 
The  wet  mixture  was  then  dried  and  calcined  in  platinum  crucibles  for  approximately  3  hours  at  approxi- 
mately  750  °  C.  The  calcined  powder  which  results  has  a  particle  size  averaging  approximately  1  micron  in 
size.  This  particle  size  is  due  primarily  to  the  size  of  the  starting  powder  particles.  After  calcining,  a  second 
wet  milling  step  occurs.  This  second  wet  milling  occurs  with  12.7  mm  (1/2  inch)  Zr02  grinding  balls  and  the 
wet  milling  is  performed  in  Freon®.  This  second  wet  milling  also  occurs  for  approximately  30  hours.  After 
the  second  wet  milling  step,  PVA  binder  (Air  Products  #205)  was  dissolved  in  distilled  water  to  form  a  liquid 
mixture.  The  calcined  powder  was  then  added  to  the  liquid  mixture.  The  powder-binder  mixture  was  stirred 
on  a  hot  plate  until  all  the  water  had  evaporated.  The  hot  plate  was  held  at  a  temperature  of  approximately 
95-1  30  °C,  preferably  above  100°C,  and  the  elapsed  time  of  exposure  on  the  hot  plate  was  approximately  6 
hours.  The  dried  mass  was  then  ground  to  -  100  mesh  by  using  an  agate  mortar  and  die  pressed  under  a 
pressure  of  about  34.5  MPa  (5000  psi)  to  form  a  compact.  The  compacts  were  then  isostatically  pressed  at 
about  310  MPa  (45,000  psi)  to  form  pellets.  The  isostatically  pressed  pellets  were  placed  in  covered 
alumina  crucibles  packed  in  a  powder  of  a  substantially  similar  chemical  composition  to  the  pellets.  This 
step  is  important  because  when  the  pellet-powder  mixture  was  heated  in  the  closed  alumina  crucibles,  the 
atmosphere  created  in  the  alumina  crucibles  was  similar  in  chemical  composition  to  the  chemical 
composition  of  the  pellets,  thereby  preventing  volatilization  of  elements  such  as  Pb,  and  thus  preventing 
deviation  of  the  ceramic  from  stoichiometry.  The  alumina  crucibles  were  then  heated  for  binder  burnout  at  a 
heating  rate  of  approximately  40  °C  per  hour  until  a  temperature  of  600  °C  was  reached.  The  pellets  were 
then  heated  at  900  °C  per  hour  until  a  temperature  of  980  °C  was  reached.  The  pellets  were  maintained  at 
approximately  980  °  C  for  about  3  hours  followed  by  a  cooling  of  the  furnace.  The  cooling  of  the  furnace 
occurs  for  about  3-5  hours. 

Another  embodiment  of  the  present  invention  substitutes  high  purity  oxides  for  the  "wet  cake"  starting 
materials.  (Hereinafter,  an  *  preceding  a  composition  signifies  that  the  composition  was  prepared  using  high 
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purity  oxides  instead  of  "wet  cake"  starting  materials). 

TABLE  1  b 

5 Composition  No.  Formula  Density  (g/cc)  %  Net  Wt  Loss 

6  *0.88  PMN  -  0.12  PT  7.82  1.8 
7  *0.98  (0.88  PMN  -  0.12  PT)-0.02  BT  7.66  1.7 
8  "0.96  (0.88  PMN  -  0.12  PT)-0.04  BT  7.82  1.5 

70  9  "0.98  (0.88  PMN  -  0.12  PT)-0.02  ST  7.85  1.7 
10  "0.96  (0.88  PMN  -  0.12  PT)-0.04  ST  7.79  1.7 
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The  ceramic  compositions  recited  in  Table  1  b  were  obtained  by  the  following  procedure.  Starting  powders 
of  MgO  and  Nb205  were  mixed  together  and  then  wet  milled  in  freon  using  substantially  the  same  milling 
conditions  as  applied  to  the  "wet  cake"  materials.  The  wet  mixture  was  then  dried  and  calcined  in  platinum 
crucibles  for  approximately  4  hours  at  approximately  1000°C,  to  form  MgNb206.  This  high  temperature 
calcining  step  enhances  the  reaction  between  MgO  and  Nb205.  The  calcined  MgNb2Oe  powder  is  then 
mixed  with  starting  powders  of  Ti02,  PbO  and  either  BaC03  or  SrC03  in  stoichiometric  proportions.  This 
mixture  is  then  wet  milled  in  freon®  using  substantially  the  same  milling  conditions  as  described  above.  The 
resultant  mixture  is  then  dried  and  calcined  in  platinum  crucibles  for  approximately  4  hours  at  approximately 
800  °C.  The  calcined  powder  which  results  has  a  particle  size  averaging  approximately  1  micron  in  size. 
This  particle  size  is  due  primarily  to  the  size  of  the  starting  powder  particles.  After  calcining,  a  third  wet 
milling  step  occurs.  This  third  wet  milling  occurs  with  12.7  mm  (1/2  inch)  Zr02  grinding  balls  and  the  wet 
milling  is  performed  in  Freon®.  This  third  wet  milling  also  occurs  for  approximately  30  hours.  After  the  third 
wet  milling  step,  PVA  binder  (Air  Products  #205)  was  dissolved  in  distilled  water  to  form  a  liquid  mixture. 
The  calcined  powder  was  then  added  to  the  liquid  mixture.  The  powder-binder  mixture  was  stirred  on  a  hot 
plate  until  all  the  water  had  evaporated.  The  hot  plate  was  held  at  a  temperature  of  approximately  95- 
130°C,  preferably  above  100°C,  and  the  elapsed  time  of  exposure  on  the  hot  plate  was  approximately  6 
hours.  The  dried  mass  was  then  ground  to  -100  mesh  by  using  an  agate  mortar  and  die  pressed  under  a 
pressure  of  about  34.5  MPa  (5000  psi)  to  form  a  compact.  The  compacts  were  then  isostatically  pressed  at 
about  310  MPa  (45,000  psi)  to  form  pellets.  The  isostatically  pressed  pellets  were  placed  in  covered 
alumina  crucibles  packed  in  a  powder  of  a  substantially  similar  chemical  composition  to  the  pellets.  The 
alumina  crucibles  were  then  heated  for  binder  burnout  at  a  heating  rate  of  approximately  40  °C  per  hour 
until  a  temperature  of  600  °C  was  reached.  The  pellets  were  then  heated  at  900  °C  per  hour  until  a 
temperature  of  1150°C  was  reached.  The  pellets  were  maintained  at  approximately  1150°C  for  about  3 
hours  followed  by  a  cooling  of  the  furnace.  The  cooling  of  the  furnace  occurs  for  about  3-5  hours. 

In  addition,  further  compositions  within  the  scope  of  the  invention  were  prepared.  These  compositions 
are  set  forth  in  Table  1c. 

50 
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TABLE  1c 

Composition  No.  Formula 

1  1  *  0.975(0.846  PMN-0.1  54  PT)-0.025  BT 
1  2  *  0.975(0.872  PMN-0.1  28  PT)-0.025  BT 
1  3  *  0.975(0.897  PMN-0.1  03  PT)-0.025  BT 
14  *  0.975(0.923  PMN-0.077  PT)-0.025  BT 
1  5  *  0.95(0.895  PMN-0.1  05  PT)-  0.05  BT 
16  *  0.95(0.921  PMN-0.079  PT)-  0.05  BT 
17  *  0.95(0.947  PMN-0.053  PT)-  0.05  BT 
1  8  *  0.90(0.625  PMN-0.375  PT)-  0.1  0  BT 
1  9  *  0.90(0.722  PMN-0.278  PT)-  0.1  0  BT 
20  *  0.90(0.806  PMN-0.1  94  PT)-  0.1  0  BT 
21  *  0.975(0.846  PMN-0.1  54  PT)-0.025  ST 
22  *  0.975(0.872  PMN-0.1  28  PT)-0.025  ST 
23  *  0.975(0.897  PMN-0.1  03  PT)-0.025  ST 
24  *  0.975(0.923  PMN-0.077  PT)-0.025  ST 
25  *  0.95(0.895  PMN-0.1  05  PT)-  0.05  ST 
26  *  0.95(0.921  PMN-0.079  PT)-  0.05  ST 

The  range  of  densities  for  the  doped  materials  made  with  "wet  cake"  was  7.27-7.50  g/cc  (theoretical  = 
8.1  g/cc).  It  was  determined  that  the  weight  loss  during  sintering  averaged  approximately  1.8  weight  %.  X- 
ray  diffraction  analysis  of  each  of  the  compositions  verified  that  a  100%  perovskite  phase  was  present.  The 
presence  of  a  100%  perovskite  phase  is  shown  clearly  in  Figures  13A  and  13B  for  BT  doping;  and  in 
Figures  14A  and  14B  for  ST  doping. 

The  use  of  high  purity  oxides  instead  of  the  "wet  cake"  resulted  in  an  increased  density  of  7.66  g/cc  for 
PMN-PT  doped  with  2%  BT.  In  general,  compositions  of  the  present  invention  made  with  high  purity  oxides 
may  range  in  density  form  about  7.6  g/cc  to  about  8.0  g/cc.  The  presence  of  a  100%  perovskite  phase  is 
shown  clearly  in  Figure  15  for  2%  BT  doping  of  "0.88  PMN-0.12  PT. 

The  fired  pellets  of  material  containing  "wet  cake"  and  material  containing  high  purity  oxides  were  then 
formed  into  discs  having  two  parallel  flat  surfaces,  (i.e.,  if  any  warpage  occurred  during  firing,  grinding  is 
performed  on  the  pellets  to  create  two  opposite  parallelly  located  flat  surfaces).  After  taking  the  density 
measurements,  the  flat  surface  of  the  discs  were  gold  sputtered  to  create  electrodes  thereon.  The  edges  of 
each  pellet  were  masked  so  that  gold  did  not  sputter  thereon.  Silver  paint  was  then  painted  on  top  of  the 
gold  sputtered  layer.  After  the  silver  paint  had  dried,  measurement  of  the  electrical  properties  of  the 
material  could  then  be  made. 

To  determine  the  electrical  properties  of  the  discs  as  a  function  of  temperature,  the  silver  painted  discs 
were  placed  in  a  Delta  Designs  Environmental  Chamber.  The  environmental  chamber  is  a  closed  system 
which  isolates  the  discs  from  the  external  atmosphere  and  varies  the  temperature  of  the  internal  at- 
mosphere  of  the  chamber  between  -70  °C  (using  liquid  nitrogen)  and  315°C,  in  order  to  achieve 
appropriate  measurement  temperatures.  The  electrical  properties  of  compositions  of  the  present  invention 
are  shown  in  Table  2,  which  also  clearly  shows  that  barium  titanate  addition  to  the  "wet-cake"  compositions 
reduces  Tc  by  approximately  5.3  °  C/mole  %  of  BT.  There  is  also  a  reduction  in  the  dielectric  constant  of 
approximately  1169/mole  %  of  BT.  Strontium  titanate  additions  also  showed  a  similar  effect  of  decreasing 
Tc,  however,  the  decrease  was  8.3  °  C/mole  %  of  ST.  Also,  there  was  a  decrease  in  the  dielectric  constant 
of  1422/mole  %  of  ST. 

Also,  attention  is  drawn  to  the  ATC  values  which  correspond  to  the  "relaxor  effect"  in  the  electrostrictive 
materials.  Particularly,  Tc  for  each  of  the  samples  increases  by  a  particular  amount  as  the  frequency  is 
increased  between  1  and  100  kHz. 

Table  2  also  shows  the  effect  of  substituting  high  purity  oxides  for  the  "wet  cake"  starting  materials. 
The  increased  dielectric  constant  in  compositions  7-10,  compared  to  compositions  2-5,  can  be  partially 
attributed  to  the  increased  density  resulting  from  the  use  of  high  purity  oxide  starting  materials. 
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TABLE  2 

w 
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Electrical  Properties  of  PMN-PT-(BT,ST) 

Composition  No.  Tc  (  °  C)  Tc  (  °  C)  (1  -1  00  kHz)  Kmax 

1  53.8  6.3  18968 
2  44.2  9.7  16259 
3  33.0  8.9  14291 
4  37.0  6.0  17544 
5  20.6  10.0  13280 
6  54.3  5.9  23387 
7  42.2  6.9  16701 
8  28.9  9.5  17590 
9  40.6  8.2  20620 

10  21.6  10.3  16937 
11  55.4  8.1  18750 
12  42.6  7.8  15280 
13  28.7  9.1  15290 
14  16.2  12.9  16760 
15  17.8  11.6  15910 
16  6.7  12.6  14970 
17  -3.5  12.9  16410 
18  138.2  0.3  16670 
19  83.7  1.6  14490 
20  28.8  11.9  14110 
21  48.8  7.3  21270 
22  35.1  8.3  14657 
23  21.8  9.9  14840 
24  8.3  11.2  15580 
25  6.2  11.0  16710 
26  -5.6  11.8  14930 
27  -15.4  11.8  13400 

35  Strontium  titanate  and  barium  titanate  were  selected  as  dopants  because  the  effect  of  "A"  site 
substitution  in  the  perovskite  structure  was  desired  to  be  studied.  Particularly,  Pb2+  has  an  ionic  radius  of 
1.20A.  Sr2+  has  an  ionic  radius  of  1.13A  and  Ba2+  has  an  ionic  radius  of  1.35A.  Accordingly,  the  strontium 
and  barium  readily  substitute  into  the  Pb2+  sites  (A  sites)  in  the  ABO3  perovskite  structure. 

In  addition  to  the  reduction  of  Tc,  Figures  3  and  4  graphically  display  the  change  in  dielectric  constant 
40  as  a  function  of  temperature  with  the  additions  of  BT  and  ST.  Particularly,  in  reference  to  Figure  3,  it  is 

clear  that  the  dielectric  constant  decreases  for  each  of  the  three  frequencies  tested,  namely,  1  kHz,  100  kHz 
and  1000  kHz,  as  the  amount  of  BT  which  is  added  to  PMN-PT  increases.  However,  the  peak  broadening 
which  occurs  with  the  addition  of  2%  BT  (i.e.,  2  wt  %  BT),  and  which  occurs  even  more  dramatically  with 
the  addition  of  4%  BT  (i.e.,  4  wt  %  BT)  is  very  important.  It  is  this  peak  broadening  which  results  in  a 

45  higher  temperature  stability  for  the  dielectric  constant  and  thus,  will  result  in  an  increased  range  of  use 
temperatures  for  devices  made  using  compositions  2-3.  Thus,  for  the  first  time,  an  electrostrictive 
composition  has  been  discovered  which  has  an  improved  temperature  stability  relative  to  all  known 
electrostrictive  compositions.  Consequently,  the  potential  applications  in  which  electrostrictive  devices  could 
be  used  has  been  dramatically  increased. 

50  Figure  4  shows  a  similar  graphic  depiction  of  the  dependence  of  dielectric  constant  on  temperature  with 
ST  being  added  instead  of  BT.  However,  the  general  trend  for  the  addition  of  ST  to  the  PMN-PT  solid 
solution  system  is  similar  to  that  shown  in  Figure  3.  Particularly,  Tc  shifts  to  lower  temperatures  and  Kmax 
decreases  with  the  addition  of  ST  at  2%,  and  decreases  further  with  the  addition  of  4%  ST.  Likewise,  the 
addition  of  ST  also  results  in  a  peak  broadening  at  Tc.  It  should  be  noted  that  temperature  measurements 

55  for  ST  substitution  in  the  PMN-PT  solid  solution  system  occurred  only  as  high  as  50  °C  because  any  further 
temperature  measurements  were  deemed  unnecessary. 

Figure  5  shows  a  direct  comparison  of  the  dependence  of  dielectric  constant  on  temperature  at  a 
frequency  of  1  kHz  for  undoped  0.88PMN-0.12PT  and  the  dependence  of  the  dielectric  constant  on 
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temperature  for  each  of  compositions  2-5  (i.e.,  the  curves  of  Figures  3  and  4  are  superimposed  on  each 
other  to  create  new  Figure  5).  It  is  observed  that  the  addition  of  2%  ST  and  2%  BT  produce  a  similar 
dependence  of  dielectric  constant  with  temperature.  However,  the  addition  of  4%  ST  substantially  reduces 
the  dielectric  constant  when  compared  to  the  addition  of  4%  BT.  The  precise  reasons  for  this  difference  are 

5  not  yet  understood.  However,  as  a  general  statement,  it  is  clear  that  with  dopant  levels  of  either  BT  or  ST 
being  as  small  as  2%,  peak  broadening  occurs.  Moreover,  it  is  clear  that  with  2%  dopant  levels,  Tc  shifts  to 
a  lower  temperature.  As  previously  discussed,  the  shift  in  Tc  to  a  lower  temperature  is  completely 
unexpected  because  an  artisan  of  ordinary  skill  would  normally  expect  the  addition  of  dopants  such  as  ST 
and  BT  to  cause  a  shift  in  Tc  to  a  higher  temperature  and  not  a  shift  to  a  lower  temperature.  The  precise 

io  mechanism  for  the  shift  in  Tc  is  not  yet  understood. 
Figure  6  shows  a  direct  comparison  of  the  dependence  of  dielectric  constant  on  temperature  at  a 

frequency  of  1  kHz  for  undoped  *0.88  PMN-0.12  PT  and  the  dependence  of  dielectric  constant  on 
temperature  for  "0.88  PMN-0.12  PT  doped  with  2%  BT.  It  is  observed  that  the  use  of  high  purity  oxides 
instead  of  "wet  cake"  increase  the  dielectric  constant  and  shifts  Tc  to  a  lower  temperature. 

is  Table  3a  shows  the  percent  deviation  of  the  dielectric  constant  from  a  room  temperature  value  of  the 
dielectric  constant  for  compositions  1-7  at  1  kHz. 
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Table  3a  displays  illustrative  quantatative  values  which  show  the  superior  temperature  stability  of  the 
claimed  electrostrictive  composition.  The  present  invention  should  not  be  interpreted  as  limited  to  the 
specific  values  displayed  in  Table  3a. 

5  Table  3b  shows  the  percent  deviation  of  dielectric  constant  from  a  room  temperature  value  of  the 
dielectric  constant  for  compositions  8-27  at  1  kHz. 

Figures  7-9  show  the  loss  tangent  data  as  a  function  of  temperature  for  compositions  1-7  at  1  kHz.  It  is 
clear  from  each  of  these  Figures  that  the  loss  in  each  of  compositions  2-5  and  7  is  completely  acceptable 

w  TABLE  3b 

Temperature  Stability  of  PMN-PT-(BT,ST) 

Composition  No.  Percent  Deviation  of  Dielectric  Constant  (at  1  kHz) 
Relative  to  25  °  C  Over  a  Range  of  0-50  °  C 

8  -35.1  to  +1.0 
9  +41  .6  to  -27.4 

10  +33.0  to  0.0 
1  1  -38.5  to  +  44.3 
12  -30.4  to  +9.3 
13  -27.0  to  +0.6 
14  -14.3  to  +3.5 
15  +10.8  to  -21  .5 
16  +16.1  to  -22.8 
17  +24.8  to  -25.1 
21  -44.0  to  +46.0 
22  -28.8  to  +2.9 
23  -15.0  to  +0.6 
24  -22.1  to  +9.5 
25  -39.0  to  +15.0 
26  -29.0  to  +33.0 
27  -26.0  to  +41.0 

35  within  the  desired  use  range  of  0-60  °  C.  Accordingly,  losses  are  not  a  problem  in  the  new  electrostrictive 
compositions. 

Table  4  shows  strain  at  1  megavolt  per  meter  for  various  compositions  of  the  present  invention. 

13 
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TABLE  4 

Composition  No.  Strain  (10_+)  (1  mV/m) 

5  7  84 
8  4.5 
9  5.3 

10  2.5 
11  11.2 

70  12  7.9 
13  5.3 
14  3.7 
15  3.7 
16  2.0 

75  17  1.5 
18  3.5 
19  8.9 
20  5.4 
21  11.4 

20  22  7.2 
23  5.5 
24  2.2 
25  2.9 
26  1.6 

25  27  0.9 

Figure  10  graphically  displays  the  relationship  between  strain  and  applied  field  at  room  temperature.  It 
is  clear  from  Figure  10  that  composition  2,  which  corresponds  to  2%  BT  being  added  to  the  0.88  PMN-0.12 
PT  system,  exhibited  superior  strain  results  relative  to  composition  3,  which  corresponds  to  doping 
0.88PMN-0.12PT  with  4%  BT.  The  strain  data  was  obtained  by  connecting  the  silver  painted  pellets  to  an 
LVDT  gauge  (linear  variable  differential  transducer)  and  thereafter  applying  an  electric  field  to  each  sample. 
The  electric  field  was  varied  between  0  and  slightly  greater  than  2.5  megavolts/meter.  All  measurements  of 
strain  as  a  function  of  electric  field  were  performed  at  room  temperature.  It  is  also  noted  in  Fig.  11,  that  the 
relationships  for  strain  versus  field  for  compositions  4  and  5  (ST  doping)  are  similar  to  those  discussed 
above  (i.e.,  2%  ST  doped  0.88PMN-0.12PT  yield  superior  strain  results,  as  compared  to  4%  ST  doped 
0.88PMN-0.12PT). 

Figure  12  graphically  displays  the  relationship  between  strain  and  applied  field  at  room  temperature  for 
composition  7.  It  is  observed  that  the  use  of  high  purity  oxides  instead  of  "wet  cake"  enhances  the  strain 
versus  electric  field  characteristic  of  "0.88  PMN-0.12  PT  doped  with  2%  BT. 

Referring  to  Equation  1  b,  changes  in  electrostrictive  strain  due  to  variation  in  temperature  are  related  to 
changes  in  the  dielectric  constant  (K),  which  is  the  only  temperature  dependent  variable  in  the  right  side  of 
the  equation.  Increased  additions  of  BT  and  ST  result  in  reduced  temperature  dependence  on  K,  i.e.,  strain, 
as  evidenced  by  broader  Curie  peaks  for  those  materials. 

Figures  13A  and  13B  are  X-ray  diffraction  patterns  taken  from  surfaces  of  pellets  corresponding  in 
composition  to  compositions  2  and  3,  respectively.  It  is  clear  from  Figures  13A  and  13B  that  a  100% 
perovskite  phase  resulted.  Likewise,  Figures  14A  and  14B  are  X-ray  diffraction  patterns  taken  from  surfaces 
of  pellets  corresponding  in  composition  to  compositions  4  and  5,  respectively.  These  Figures  also  show  that 
a  100%  perovskite  phase  was  produced.  Figure  15  is  an  X-ray  diffraction  pattern  taken  from  the  surface  of 
a  pellet  corresponding  in  composition  to  composition  7.  This  Figure  also  shows  that  a  100%  perovskite 
phase  was  produced. 

Due  to  the  discovery  of  these  novel  electrostrictive  compositions,  new  applications  for  electrostrictors 
can  now  be  explored.  Specifically,  as  previously  discussed,  known  electrostrictive  compositions  could  not 
be  utilized  for  applications  which  involved  an  exposure  to  a  range  of  temperatures  due  to  the  severe 
dependence  of  the  dielectric  constant  on  temperature.  The  peak  broadening  which  has  been  discovered 
and  which  is  due  to  the  addition  of  BT  or  ST  to  the  PMN-PT  system,  now  permits  electrostrictors  to  be 
used  for  a  large  range  of  applications. 

The  new  electrostrictive  compositions  can  be  used  for  all  prior  art  applications  such  as  dot  matrix 
printers,  microelectronic  measurement  devices,  and  the  like.  Additionally,  the  new  electrostrictive  composi- 
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tions  can  be  utilized  in  many  different  areas  never  before  possible,  due  primarily  to  the  absence  of 
hysteresis  in  the  new  compositions  and  the  peak  broadening.  Thus,  great  accuracy  (i.e.,  reliability)  of  the 
compositions  for  various  applications,  even  when  exposed  to  varying  temperature  ranges,  is  to  be  expected. 
Such  applications  include  the  use  of  the  new  electrostrictive  compositions  as  actuators  in  active  sonar, 

5  underwater  vehicle  guidance  and  robotics.  Many  of  these  applications  involve  the  use  of  the  electrostrictive 
device  in  combination  with  a  motion  amplifier.  The  displacement  in  a  small  electrostrictive  device,  by  itself, 
is  typically  not  large  enough  (e.g.  a  few  tens  of  microns)  to  result  in  an  appreciable  displacement  of  another 
object.  Accordingly,  it  is  sometimes  necessary  to  connect  electrostrictive  actuators  to  appropriate  motion 
amplifiers. 

io  Stated  in  greater  detail,  electrostrictive  actuators  can  be  used  in  active  sonar  devices  because  they 
generate  a  very  accurate  sound  wave  (i.e.,  due  to  the  absence  of  hysteresis).  Electrostrictive  actuators  can 
also  be  used  for  underwater  vehicle  guidance,  such  as  in  torpedos.  Specifically,  screws  and  gears  are 
typically  being  used  to  control  the  rudders  of  torpedos.  The  screws  and  gears  are  inherently  not  accurate 
and  are  quite  heavy.  Thus,  electrostricive  actuators,  when  coupled  with  appropriate  motion  amplifiers,  could 

is  provide  for  very  accurate  control  of  rudders  in  a  torpedo.  It  is  also  foreseeable  that  electrostrictive  actuators 
could  be  used  in  robotics.  Specific  ways  that  electrostrictive  actuators  could  be  used  in  robotics  include  the 
control  of  movement  such  as  the  fingers  or  a  wrist  of  a  robot  arm;  the  actuators  can  be  used  in  combination 
with  a  hydraulic  system  for  opening  and  closing  valves  to  control  flow  of  fluid  therethrough;  and  the  actuator 
can  be  used  as  tactile  feedback  sensors  (i.e.,  electrostrictive  actuators  may  be  used  to  provide  tactile 

20  stimulation  of  a  controllers  hand,  or  finger,  to  create  a  sensation  relating  to  how  hard  a  robot  hand  is 
gripping  an  object).  Additionally,  electrostrictive  actuators  may  be  used  to  control  the  opening  and  closing 
of  valves  thereby  replacing  less  accurate  solenoids.  It  is  also  foreseeable  that  electrostrictors  could  be  used 
for  measuring  electrical  properties  of  electrical  chips.  For  example,  it  is  sometimes  necessary  to  move  a 
measuring  device  a  small  amount  (a  few  tens  of  an  augstrom  to  a  few  microns)  to  check  for  various 

25  electrical  properties  in  a  formed  chip.  Such  movements  could  be  controlled  by  an  electrostrictive  actuator. 
This  list  of  potential  applications  should  not  be  considered  to  be  totally  inclusive,  but  rather,  representative 
of  uses  for  electrostrictive  compositions. 

Claims 
30 

1.  An  electrostrictive  ceramic  composition  consisting  essentially  of  a  solid  solution  of  lead  magnesium 
niobate,  lead  titanate  and  at  least  one  dopant  selected  from  barium  titanate  and  strontium  titanate,  said 
composition  being  defined  by  the  following  formula: 

35  (W)Pb(Mg1/3Nb2/3)03  .(X)PbTi03  .(Y)Z, 

wherein 

55  wt.%   ̂ 97  wt.  %, 
40  2.5  wt.%   ̂ X  <  45  wt.  %, 

0.5  wt.%   ̂ 20  wt.  %, 
W  +  X  +  Y^  100  wt.%,  and 

Z  is  at  least  one  material  selected  from  barium  titanate  and  strontium  titanate. 
45 

2.  The  composition  of  claim  1  ,  wherein  Z  consists  of  barium  titanate. 

3.  The  composition  of  claim  1  ,  wherein  Z  consists  of  strontium  titanate. 

50  4.  The  electrostrictive  ceramic  composition  of  claim  1  wherein 

82  wt.%   ̂ 94  wt.%, 
4  wt.%   ̂ X  <  18  wt.%, 
0.5  wt.%   ̂ Y^  6  wt.%. 

55 
5.  The  composition  of  claim  4,  wherein  Z  consists  of  barium  titanate. 

6.  The  composition  of  claim  4,  wherein  Z  consists  of  strontium  titanate. 

15 
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7.  The  electrostrictive  ceramic  composition  of  claim  1  wherein 

84.5  wt.%   ̂ W   ̂ 86.2  wt.%, 
11.5  wt.%   ̂ 11.8  wt.%, 
2.0  wt.%   ̂ 4.0  wt.%. 

8.  The  composition  of  claim  7,  wherein  Z  consists  of  barium  titanate. 

9.  The  composition  of  claim  7,  wherein  Z  consists  of  strontium  titanate. 

10.  The  composition  of  claim  8,  wherein 
W  =  86.2  wt.% 
X  =  11.8  wt.%,  and 
Y  =  2.0  wt.%. 

11.  The  composition  of  claim  8,  wherein 
W  =  84.5  wt.% 
X  =  11.5  wt.%,  and 
Y  =  4.0  wt.%. 

12.  The  composition  of  claim  9,  wherein 
W  =  86.2  wt.% 
X  =  11.8  wt.%,  and 
Y  =  2.0  wt.%,  and 

13.  The  composition  of  claim  9,  wherein 
W  =  84.5  wt.% 
X  =  11.5  wt.  %,  and 
Y  =  4.0  wt.%. 

14.  A  sintered  electrostrictive  ceramic  composition  consisting  essentially  of  a  solid  solution  of  96-98  weight 
percent  of  a  composition  of  claim  1  consisting  essentially  of  88  weight  percent  lead  magnesium  niobate 
and  12  weight  percent  lead  titanate,  and  2-4  weight  percent  of  a  dopant  selected  from  barium  titanate 
and  strontium  titanate,  said  sintered  electrostrictive  ceramic  composition  having  a  crystal  phase  of 

35  approximately  100%  perovskite. 

15.  The  sintered  composition  of  claim  14,  wherein  the  sintered  composition  has  a  maximum  dielectric 
constant  of  13,280-17,544. 

40  16.  The  sintered  composition  of  claim  14,  wherein  the  sintered  composition  has  a  maximum  Curie 
temperature  of  20.6  °  C.-44.2  °  C. 

17.  A  sintered  electrostrictive  composition  consisting  essentially  of  a  solid  solution  of  98.0-99.5  weight 
percent  of  a  composition  of  claim  1  consisting  essentially  of  88  weight  percent  lead  magnesium  niobate 

45  and  12  weight  percent  lead  titanate,  and  0.5-2  weight  percent  of  a  dopant  consisting  of  barium  titanate, 
said  sintered  electrostrictive  ceramic  composition  having  a  crystal  phase  of  approximately  100% 
perovskite. 

18.  A  method  of  making  an  electrostrictive  material  comprising: 
50  mixing  together  powders  of  Pb(Mg1/3Nb2/3)03,  PbTi03,  PbO,  Ti02  and  at  least  one  dopant  material 

selected  from  SrC03  and  BaC03  in  desired  stoichiometric  proportions  to  form  a  mixture; 
wet  milling  said  mixture; 
dry  and  calcining  said  mixture  to  form  calcined  powder; 
wet  milling  said  calcined  powder; 

55  forming  a  binder-distilled  water  mixture; 
adding  said  calcined  powder  to  said  binder-distilled  water  mixture  to  form  a  slurry; 
evaporating  substantially  all  water  from  the  slurry  to  form  a  dried  mass; 
grinding  the  dried  mass  to  -100  mesh  powder; 
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dry  pressing  said  -100  mesh  powder  to  form  compacts; 
isostatically  pressing  said  compacts  to  form  pellets; 
packing  the  pellets  into  a  powder  having  substantially  the  same  chemically  composition  as  the 

pellets;  and 
5  firing  the  pellets. 

19.  The  method  of  claim  18,  wherein  the  powders  are  mixed  in  appropriate  proportions  to  result  in  a  solid 
solution  of  an  electrostrictive  ceramic  composition  comprising  a  solid  solution  of  55-97  weight  percent 
of  lead  magnesium  niobate,  2.5-45  weight  percent  of  lead  titanate  and  0.5-20  weight  percent  of  a 

io  dopant  selected  from  barium  titanate  and  strontium  titanate. 

20.  The  method  of  claim  18,  wherein  the  powders  are  mixed  in  appropriate  proportions  to  result  in  a 
sintered  electrostrictive  ceramic  consisting  essentially  of  a  solid  solution  of  96-98  weight  percent  of  a 
mixture  consisting  essentially  of  88  weight  percent  lead  magnesium  niobate  and  12  weight  percent  lead 

is  titanate,  and  2-4  weight  percent  of  a  dopant  selected  from  barium  titanate  and  strontium  titanate,  said 
sintered  electrostrictive  ceramic  composition  having  a  maximum  dielectric  constant  of  13,280-17,544. 

21.  A  method  of  making  an  electrostrictive  material  comprising: 
mixing  together  powders  of  MgO  and  Nb2  05  in  desired  stiochiometric  proportions  to  form  a 

20  mixture; 
wet  milling  said  mixture; 
drying  and  calcining  said  mixture  to  form  a  calcined  powder; 
mixing  together  said  calcined  powder,  with  starting  powders  of  Ti02,  PbO  and  at  least  one  dopant 

material  selected  from  BaC03  and  SiC03  in  desired  stoichiometric  proportions  to  form  a  second 
25  mixture; 

wet  milling  said  second  mixture; 
drying  and  calcining  said  second  mixture  to  form  a  second  calcined  powder; 
wet  milling  said  second  calcined  powder; 
forming  a  binder-distilled  water  mixture; 

30  adding  said  second  calcined  powder  to  said  binder-distilled  water  mixture  to  form  a  slurry; 
evaporating  substantially  all  water  from  the  slurry  to  form  a  dried  mass; 
grinding  the  dried  mass  to  form  a  -100  mesh  powder; 
dry  pressing  said  -100  mesh  powder  to  form  compacts; 
isostatically  pressing  said  compacts  to  form  pellets; 

35  packing  the  pellets  into  a  powder  having  substantially  the  same  chemical  composition  as  the 
pellets;  and 

firing  the  pellets. 

22.  The  method  of  claim  21  ,  wherein  the  powders  are  mixed  in  appropriate  proportions  to  result  in  a  solid 
40  solution  of  an  electrostrictive  composition  comprising  a  solid  solution  of  55-97  weight  percent  of  lead 

magnesium  niobate,  2.5-45  weight  percent  of  lead  titanate  and  0.5-20  weight  percent  of  a  dopant 
selected  from  barium  titanate  and  strontium  titanate. 

23.  The  method  of  claim  21,  wherein  the  powders  are  mixed  in  appropriate  proportions  to  result  in  a 
45  sintered  electrostrictive  ceramic  which  comprises  a  solid  solution  of  96-98  weight  percent  of  a  mixture 

consisting  essentially  of  88  weight  percent  lead  magnesium  niobate  and  12  weight  percent  lead 
titanate,  and  2-4  weight  percent  of  a  dopant  selected  from  barium  titanate  and  strontium  titanate. 

Patentanspruche 
50 

1.  Elektrostriktives  Keramikmaterial,  im  wesentlichen  bestehend  aus  einer  festen  Losung  von  Bleimagnesi- 
umniobat,  Bleititanat  und  wenigstens  einem  unter  Bariumtitanat  und  Strontiumtitanat  ausgewahlten 
Dotiermittel,  wobei  das  Material  durch  die  folgende  Formel  definiert  ist: 

55  (W)Pb(Mg1/3Nb2/3)03  •  (X)PbTi03  •  (Y)Z, 

worin 

17 
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55  Gew.-%   ̂ W   ̂ 97  Gew.-% 
2,5  Gew.-%   ̂ X  <  45  Gew.-% 
0,5  Gew.-%   ̂ Y   ̂ 20  Gew.-% 
w  +  x  +  y   ̂ 1  00  Gew.-% 

5 
und  Z  wenigstens  ein  unter  Bariumtitanat  und  Strontiumtitanat  ausgewahltes  Material  ist. 

2.  Material  nach  Anspruch  1  ,  bei  dem  Z  aus  Bariumtitanat  besteht. 

70  3.  Material  nach  Anspruch  1  ,  bei  dem  Z  aus  Strontiumtitanat  besteht. 

4.  Elektrostriktives  Keramikmaterial  nach  Anspruch  1  ,  worin 

82  Gew.-%   ̂ W   ̂ 94  Gew.-% 
75  4  Gew.-%   ̂ X  <  18  Gew.-% 

0,5  Gew.-%   ̂ Y   ̂ 6  Gew.-% 

5.  Material  nach  Anspruch  4,  bei  dem  Z  aus  Bariumtitanat  besteht. 

20  6.  Material  nach  Anspruch  4,  bei  dem  Z  aus  Strontiumtitanat  besteht. 

7.  Elektrostriktives  Keramikmaterial  nach  Anspruch  1  ,  bei  dem 

84,5  Gew.-%   ̂ W   ̂ 86,2  Gew.-% 
25  1  1  ,5  Gew.-%   ̂ X   ̂ 1  1  ,8  Gew.-% 

2,0  Gew.-%   ̂ Y   ̂ 4,0  Gew.-% 

8.  Material  nach  Anspruch  7,  bei  dem  Z  aus  Bariumtitanat  besteht. 

30  9.  Material  nach  Anspruch  7,  bei  dem  Z  aus  Strontiumtitanat  besteht. 

10.  Material  nach  Anspruch  8,  bei  dem  W  =  86,2  Gew.-%,  X  =  11,8  Gew.-%  und  Y  =  2,0  Gew.-%. 

11.  Material  nach  Anspruch  8,  bei  dem  W  =  84,5  Gew.-%,  X  =  11,5  Gew.-%  und  Y  =  4,0  Gew.-%. 
35 

12.  Material  nach  Anspruch  9,  bei  dem  W  =  86,2  Gew.-%,  X  =  11,8  Gew.-%  und  Y  =  2,0  Gew.-%. 

13.  Matrial  nach  Anspruch  9,  bei  dem  W  =  84,5  Gew.-%,  X  =  11,5  Gew.-%  und  Y  =  4,0  Gew.-%. 

40  14.  Gesintertes  elektrostriktives  Keramikmaterial,  im  wesentlichen  bestehend  aus  einer  festen  Losung  von 
96  bis  98  Gew.-%  eines  Materials  nach  Anspruch  1,  im  wesentlichen  bestehend  aus  88  Gew.-% 
Bleimagnesiumniobat  und  12  Gew.-%  Bleititanat,  sowie  2  bis  4  Gew.-%  eines  unter  Bariumtitanat  und 
Strontiumtitanat  ausgewahlten  Dotiermittels,  wobei  das  gesinterte  elektrostriktive  Keramikmaterial  eine 
Kristallphase  von  etwa  100  %  Perowskit  hat. 

45 
15.  Gesintertes  Material  nach  Anspruch  14,  bei  dem  das  gesinterte  Material  eine  maximale  dielektrische 

Konstante  von  1  3  280  bis  1  7  544  hat. 

16.  Gesintertes  Material  nach  Anspruch  14,  bei  dem  das  gesinterte  Material  eine  maximale  Curie- 
50  Temperatur  von  20,6  bis  44,2  °  C  hat. 

17.  Gesintertes  elektrostriktives  Material,  im  wesentlichen  bestehend  aus  einer  festen  Losung  von  98,0  bis 
99,5  Gew.-%  eines  Materials  nach  Anspruch  1  ,  im  wesentlichen  bestehend  aus  88  Gew.-%  Bleimagne- 
siumniobat  und  12  Gew.-%  Bleititanat,  sowie  0,5  bis  2  Gew.-%  eines  aus  Bariumtitanat  bestehenden 

55  Dotiermittels,  wobei  das  gesinterte  elektrostriktive  Keramikmaterial  eine  Kristallphase  von  etwa  100  % 
Perowskit  hat. 

18 
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18.  Verfahren  zur  Herstellung  eines  elektrostriktiven  Materials,  bei  dem  man  Pulver  von  Pb(Mg1/3Nb2/3)03, 
PbTi03,  PbO,  Ti02  und  wenigstens  eines  unter  SrC03  und  BaC03  ausgewahlten  Dotiermittelmaterials 
in  erwunschten  stochiometrischen  Mengenverhaltnissen  und  Bildung  eines  Gemisches  miteinander 
vermischt, 

5  dieses  Gemisch  naB  mahlt, 
das  Gemisch  unter  Bildung  eines  calcinierten  Pulvers  trocknet  und  calciniert, 
das  calcinierte  Pulver  naB  mahlt, 
ein  Gemisch  von  Bindemittel  und  destilliertem  Wasser  bildet, 
das  calcinierte  Pulver  zu  dem  Gemisch  von  Bindemittel  und  destilliertem  Wasser  unter  Bildung  eines 

io  Schlammes  zusetzt, 
im  wesentlichen  alles  Wasser  aus  dem  Schlamm  unter  Bildung  einer  getrockneten  Masse  verdampft, 
die  getrocknete  Masse  zu  einem  Pulver  von  -100  Maschen  verkleinert, 
das  Pulver  von  -100  Maschen  unter  Bildung  von  PreBlingen  trocken  preBt, 
die  PreBlinge  unter  Bildung  von  Pellets  isostatisch  preBt, 

is  die  Pellets  in  ein  Pulver  mit  im  wesentlichen  der  gleichen  chemischen  Zusammensetzung  wie  die 
Pellets  packt  und 
die  Pellets  brennt. 

19.  Verfahren  nach  Anspruch  18,  bei  dem  man  die  Pulver  in  geeigneten  Mengenverhaltnissen  miteinander 
20  vermischt,  damit  eine  feste  Losung  eines  elektrostriktiven  Keramikmaterials  entsteht,  das  eine  feste 

Losung  von  55  bis  97  Gew.-%  Bleimagnesiumniobat,  2,  5  bis  45  Gew.-%  Bleititanat  und  0,5  bis  20 
Gew.-%  eines  unter  Bariumtitanat  und  Strontiumtitanat  ausgewahlten  Dotiermittels  umfaBt. 

20.  Verfahren  nach  Anspruch  18,  bei  dem  man  die  Pulver  in  geeigneten  Mengenverhaltnissen  miteinander 
25  vermischt,  damit  ein  gesintertes  elektrostriktives  Keramikmaterial  entsteht,  das  im  wesentlichen  aus 

einer  festen  Losung  von  96  bis  98  Gew.-%  eines  Gemisches,  das  im  wesentlichen  aus  88  Gew.-% 
Bleimagnesiumniobat  und  12  Gew.-%  Bleititanat  besteht,  sowie  2  bis  4  Gew.-%  eines  unter  Bariumtita- 
nat  und  Strontiumtitanat  ausgewahlten  Dotiermittels  besteht,  wobei  das  gesinterte  elektrostriktive 
Keramikmaterial  eine  maximale  dielektrische  Konstante  von  13  280  bis  17  544  hat. 

30 
21.  Verfahren  zur  Herstellung  eines  elektrostriktiven  Matrials,  bei  dem  man  Pulver  von  MgO  und  Nb205  in 

erwunschten  stochiometrischen  Megenverhaltnissen  unter  Bildung  eines  Gemisches  miteinander  ver- 
mischt, 
dieses  Gemisch  naB  mahlt, 

35  das  Gemisch  unter  Bildung  eines  calcinierten  Pulvers  trocknet  und  calciniert, 
das  calcinierte  Pulver  mit  Ausgangspulvern  von  Ti02,  PbO  und  wenigstens  eines  unter  BaC03  und 
SrC03  ausgewahlten  Dotiermittelmaterials  in  erwunschten  stochiometrischen  Mengenverhaltnissen  un- 
ter  Bildung  eines  zweiten  Gemisches  vermischt, 
das  zweite  Gemisch  naB  mahlt, 

40  das  zweite  Gemisch  unter  Bildung  eines  zweiten  calcinierten  Pulvers  trocknet  und  calciniert, 
das  zweite  calcinierte  Pulver  naB  mahlt, 
ein  Gemisch  von  Bindemittel  und  destilliertem  Wasser  bildet, 
das  zweite  calcinierte  Pulver  zu  dem  Gemisch  von  Bindemittel  und  destilliertem  Wasser  unter  Bildung 
eines  Schlammes  zusetzt, 

45  im  wesentlichen  alles  Wasser  aus  dem  Schlamm  unter  Bildung  einer  trockenen  Masse  verdampft, 
die  trockene  Masse  unter  Bildung  eines  Pulvers  von  -100  Maschen  zerkleinert, 
das  Pulver  von  -100  Maschen  unter  Bildung  von  PreBlingen  trocken  preBt, 
die  PreBlinge  unter  Bildung  von  Pellets  isostatisch  preBt, 
die  Pellets  in  ein  Pulver  mit  im  wesentlichen  der  gleichen  chemischen  Zusammensetzung  wie  die 

50  Pellets  packt  und 
die  Pellets  brennt. 

22.  Verfahren  nach  Anspruch  21  ,  bei  dem  man  die  Pulver  in  geeigneten  Mengenverhaltnissen  miteinander 
vermischt,  damit  eine  feste  Losung  eines  elektrostriktiven  Materials  entsteht,  das  eine  feste  Losung  von 

55  55  bisd  97  Gew.-%  Bleimagnesiumniobat,  2,5  bis  45  Gew.-%  Bleititanat  und  0,5  bis  20  Gew.-%  eines 
unter  Bariumtitanat  und  Strontiumtitanat  ausgewahlten  Dotiermittels  umfaBt. 

19 
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23.  Verfahren  nach  Anspruch  21  ,  bei  dem  man  die  Pulver  in  geeigneten  Mengenverhaltnissen  miteinander 
vermischt,  damit  ein  gesintertes  elektrostriktives  Keramikmaterial  entsteht,  das  eine  feste  Losung  von 
96  bis  98  Gew.-%  eines  im  wesentlichen  aus  88  Gew.-%  Bleimagnesiumniobat  und  12  Gew.-% 
Bleititanat  bestehenden  Gemisches  sowie  2  bis  4  Gew.-%  eines  unter  Bariumtitanat  und  Strontiumtita- 

5  nat  ausgewahlten  Dotiermittels  umfaBt. 

Revendicatlons 

1.  Composition  ceramique  electrostrictive,  constitute  essentiellement  d'une  solution  solide  de  niobate  de 
io  plomb  et  de  magnesium,  de  titanate  de  plomb  et  d'au  moins  un  dopant  choisi  parmi  le  titanate  de 

baryum  et  le  titanate  de  strontium,  cette  composition  etant  definie  par  la  formule  suivante  : 

(W)Pb(Mg1/3Nb2/3)03  .(X)PbTi03  .(Y)Z, 

is  dans  laquelle 

55  %  en  poids   ̂ W   ̂ 97  %  en  poids, 
2,5  %  en  poids   ̂ X  <  45  %  en  poids, 
0,5  %  en  poids   ̂ Y   ̂ 20  %  en  poids, 

20  W  +  X  +  Y   ̂ 100  %  en  poids,  et 

Z  est  au  moins  un  materiau  choisi  parmi  la  titanate  de  baryum  et  le  titanate  de  strontium. 

2.  Composition  selon  la  revendication  1,  dans  laquelle  Z  est  constitue  de  titanate  de  baryum. 
25 

3.  Composition  selon  la  revendication  1,  dans  laquelle  Z  est  constitue  de  titanate  de  strontium. 

4.  Composition  ceramique  electrostrictive  selon  la  revendication  1  ,  dans  laquelle  : 

30  82  %  en  poids   ̂ W   ̂ 94  %  en  poids, 
4  %  en  poids   ̂ X  <  18  %  en  poids, 
0,5  %  en  poids   ̂ Y   ̂ 6  %  en  poids. 

5.  Composition  selon  la  revendication  4,  dans  laquelle  Z  est  constitue  de  titanate  de  baryum. 
35 

6.  Composition  selon  la  revendication  4,  dans  laquelle  Z  est  constitue  de  titanate  de  strontium. 

7.  Composition  ceramique  electrostrictive  selon  la  revendication  1  ,  dans  laquelle 

40  84,5  %  en  poids   ̂ W   ̂ 86,2  %  en  poids, 
1  1  ,5  %  en  poids   ̂ X   ̂ 1  1  ,8  %  en  poids, 
2,0  %  en  poids   ̂ Y   ̂ 4,0  %  en  poids. 

8.  Composition  selon  la  revendication  7,  dans  laquelle  Z  est  constitue  de  titanate  de  baryum. 
45 

9.  Composition  selon  la  revendication  7,  dans  laquelle  Z  est  constitue  de  titanate  de  strontium. 

10.  Composition  selon  la  revendication  8,  dans  laquelle 
W  =  86,2  %  en  poids 

50  X  =  1  1  ,8  %  en  poids,  et 
Y  =  2,0  %  en  poids. 

11.  Composition  selon  la  revendication  8,  dans  laquelle 
W  =  84,5  %  en  poids 

55  X  =  1  1  ,5  %  en  poids,  et 
Y  =  4,0  %  en  poids. 

20 
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10 

12.  Composition  selon  la  revendication  9,  dans  laquelle 
W  =  86,2  %  en  poids 
X  =  1  1  ,8  %  en  poids,  et 
Y  =  2,0  %  en  poids. 

13.  Composition  salon  la  revendication  9,  dans  laquelle 
W  =  84,5  %  en  poids 
X  =  1  1  ,5  %  en  poids,  et 
Y  =  4,0  %  en  poids. 

14.  Composition  ceramique  electrostrictive  frittte  constitute  essentiellement  d'une  solution  solide  de  96  a 
98  %  en  poids  d'une  composition  selon  la  revendication  1  constitute  essentiellement  de  88  %  en  poids 
de  niobate  de  plomb  et  de  magnesium  et  de  12  %  en  poids  de  titanate  de  plomb,  et  de  2  a  4  %  en 
poids  d'un  dopant  choisi  parmi  le  titanate  de  baryum  et  le  titanate  de  strontium,  la  composition 

is  ceramique  electrostrictive  frittee  ayant  une  phase  cristalline  constitute  de  perovskite  a  environ  100  %. 

15.  Composition  frittte  selon  la  revendication  14,  dans  laquelle  la  composition  frittte  a  une  constante 
ditlectrique  maximale  de  13  280  a  17  544. 

20  16.  Composition  frittte  selon  la  revendication  14,  dans  laquelle  la  composition  frittte  a  une  Temptrature  de 
Curie  maximale  de  20,6  a  44,2  °C. 

17.  Composition  tlectrostrictive  frittte  constitute  essentiellement  d'une  solution  solide  de  98,0  a  99,5  %  en 
poids  d'une  composition  selon  la  revendication  1  constitute  essentiellement  de  88  %  en  poids  de 

25  niobate  de  plomb  et  de  magntsium  et  de  12  %  en  poids  de  titanate  de  plomb,  et  de  0,5  a  2  %  en 
poids  d'un  dopant  constitut  de  titanate  de  baryum,  la  composition  ctramique  tlectrostrictive  frittte 
ayant  une  phase  cristalline  constitute  de  perovskite  a  environ  100  %. 

18.  Proctdt  pour  fabriquer  un  mattriau  tlectrostrictif,  qui  consiste  : 
30  a  mtlanger  les  uns  aux  autres,  selon  les  proportions  stoechiomttriques  souhaittes,  pour  former  un 

mtlange,  les  poudres  de  Pb(Mg1/3Nb2/3)03,  PbTi03,  PbO,  Ti02  et  au  moins  un  mattriau  dopant  choisi 
parmi  SrC03  et  BaC03  ; 

a  broyer  le  mtlange  par  broyage  humide  ; 
a  stcher  et  a  calciner  ce  mtlange  pour  former  une  poudre  calcinte  ; 

35  a  broyer  cette  poudre  calcinte  par  broyage  humide  ; 
a  former  un  mtlange  d'un  liant  et  d'eau  distillte  ; 
a  ajouter  la  poudre  calcinte  au  mtlange  de  liant  et  d'eau  distillte  pour  former  une  suspension  ; 
a  tvaporer  la  presque  totalitt  de  I'eau  se  trouvant  dans  la  suspension,  pour  former  une  masse 

stchte  ; 
40  a  broyer  la  masse  stchte  jusqu'a  une  poudre  de  granulomttrie  -100  meshs  (-0,149  mm)  ; 

a  comprimer  a  sec  cette  poudre  de  -100  meshs  (-0,149  mm),  pour  former  des  comprimts  ; 
a  comprimer  ces  comprimts  par  compression  isostatique  a  chaud  pour  former  des  pastilles  ; 
a  tasser  les  pastilles  pour  obtenir  une  poudre  ayant  essentiellement  la  meme  composition  chimique 

que  les  pastilles  ;  et 
45  a  cuire  les  pastilles. 

19.  Proctdt  selon  la  revendication  18,  dans  lequel  les  poudres  sont  mtlangtes  selon  les  proportions 
approprites  pour  donner  une  solution  solide  d'une  composition  ctramique  tlectrostrictive  comprenant 
une  solution  solide  de  55  a  97  %  en  poids  de  niobate  de  plomb  et  de  magntsium,  de  2,5  a  45  %  en 

50  poids  de  titanate  de  plomb  et  de  0,5  a  20  %  en  poids  d'un  dopant  choisi  parmi  le  titanate  de  baryum  et 
le  titanate  de  strontium. 

20.  Proctdt  selon  la  revendication  18,  dans  lequel  les  poudres  sont  mtlangtes  en  des  proportions 
approprites  pour  donner  une  ctramique  tlectrostrictive  frittte  constitute  essentiellement  d'une  solution 

55  solide  de  96  a  98  %  en  poids  d'un  mtlange  constitut  essentiellement  de  88  %  en  poids  de  niobate  de 
plomb  et  de  magntsium  et  de  12  %  en  poids  de  titanate  de  plomb,  et  de  2  a  4  %  en  poids  d'un 
dopant  choisi  parmi  la  titanate  de  baryum  et  le  titanate  de  strontium,  la  composition  ctramique 
tlectrostrictive  frittte  ayant  une  constante  ditlectrique  maximale  de  13  280  a  17  544. 

21 
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21.  Precede  pour  fabriquer  un  materiau  electrostrictif,  consistant  : 
a  melanger  des  poudres  de  MgO  et  de  Nb2  05  selon  des  proportions  stoechiometriques  souhai- 

tees,  pour  former  un  melange  ; 
a  broyer  ce  melange  par  broyage  humide  ; 

5  a  secher  et  a  calciner  ce  melange  pour  former  une  poudre  calcinee  ; 
a  melanger  cette  poudre  calcinee  aux  poudres  de  depart  de  Ti02  et  de  PBO  et  au  moins  un 

materiau  dopant  choisi  parmi  BaC03  et  SrC03,  selon  les  proportions  stoechiometriques  souhaitees, 
pour  former  un  deuxieme  melange  ; 

a  broyer  ce  deuxieme  melange  par  broyage  humide  ; 
io  a  secher  et  a  calciner  ce  deuxieme  melange  pour  former  une  deuxieme  poudre  calcinee  ; 

a  broyer  par  broyage  humide  cette  deuxieme  poudre  calcinee  ; 
a  former  un  melange  d'un  liant  et  d'eau  distillee  ; 
a  ajouter  la  deuxieme  poudre  calcinee  au  melange  de  liant  et  d'eau  distillee,  pour  former  une 

suspension  ; 
is  a  evaporer  la  presque  totalite  de  I'eau  se  trouvant  dans  la  suspension,  pour  former  une  masse 

sechee  ; 
a  broyer  la  masse  sechee  pour  obtenir  une  poudre  ayant  une  granulomere  de  -100  meshs  (-0,149 

mm)  ; 
a  comprimer  a  sec  la  poudre  de  -100  meshs  (-0,149  mm)  pour  former  des  comprimes  ; 

20  a  comprimer  ces  comprimes  par  compression  isostatique  a  chaud  pour  former  des  pastilles  ; 
a  tasser  les  pastilles  pour  obtenir  une  poudre  ayant  essentiellement  la  meme  composition  chimique 

que  les  pastilles  ;  et 
a  cuire  les  pastilles. 

25  22.  Procede  selon  la  revendication  21,  dans  lequel  les  poudres  sont  melangees  selon  les  proportions 
appropriees  pour  donner  une  solution  solide  d'une  composition  ceramique  electrostrictive  comprenant 
une  solution  solide  de  55  a  97  %  en  poids  de  niobate  de  plomb  et  de  magnesium,  de  2,5  a  45  %  en 
poids  de  titanate  de  plomb  et  de  0,5  a  20  %  en  poids  d'un  dopant  choisi  parmi  le  titanate  de  baryum  et 
le  titanate  de  strontium. 

30 
23.  Procede  selon  la  revendication  21,  dans  lequel  les  poudres  sont  melangees  en  des  proportions 

appropriees  pour  donner  une  ceramique  electrostrictive  frittee  constitute  essentiellement  d'une  solution 
solide  de  96  a  98  %  en  poids  d'un  melange  constitue  essentiellement  de  88  %  an  poids  de  niobate  de 
plomb  et  de  magnesium  et  de  12  %  en  poids  de  titanate  de  plomb,  et  de  2  a  4  %  en  poids  d'un 

35  dopant  choisi  parmi  le  titanate  de  baryum  et  le  titanate  de  strontium. 

22 
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