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Description 

The  present  invention  concerns  a  precursor  powder  convertible  to  zirconia  -  spinel  composites,  the 
formed  composites  and  the  processes  therefor. 

5  Zirconium  dioxide  (Zr02)  is  one  of  the  more  widely  studied  ceramic  materials.  It  is  known  that 
zirconium  dioxide  can  exist  in  a  stable  or  metastable  state  as  one  or  more  of  four  phases:  the  monoclinic, 
orthorhombic,  tetragonal,  or  cubic  crystal  structures.  The  phases  present,  their  amount,  size,  and  distribu- 
tion  can  have  a  profound  influence  on  a  whole  range  of  material  properties  in  a  composite  with  another 
ceramic.  A  significant  level  of  interest  in  zirconia  (Zr02)  -  based  ceramics  has  surfaced  in  recent  years  in  an 

io  attempt  to  understand  and  engineer  the  microstructure  of  these  composites.  An  engineered  microstructure 
can  result  in  improvements  in  strength,  thermal  shock  resistance,  and  fracture  toughness  values  over  those 
of  the  ceramic  without  the  zirconia  addition.  In  this  case  zirconia  is  an  effective  'toughening  agent'  because 
of  a  phase  transformation  in  which  a  volume  expansion  can  occur.  Several  toughening  mechanisms  have 
been  theorized  and  all  are  process  dependent.  References  by  the  following  various  authors  (  F.  F.  Lange,  J. 

75  Material  Science,  17  (1-4),  225-255,  1982;  A.  G.  Evans,  and  R.  M.  McMeeking,  "Mechanics  of  Transforma- 
tion  Toughening  in-  Brittle  Materials,"  J.  Am.  Ceram.  Soc.  65  [5]  242,  1982;  N.  Claussen  and  M.  Ruhle, 
"Design  of  Transformation  Toughened  Ceramics",  p.  137,  Advances  in  Ceramics  Vol.  3,  Science  and 
Technology  of  Zirconia,  1981;  and  A.  G.  Evans  and  A.  H.  Heuer,  "Transformation  Toughening  in  Ceramics: 
Martensitic  Transformations  in  Cracktip  Stress  Fields",  J.  Amer.  Ceram.  Soc,  63  [5-6]  241-48,  1981)  -  give 

20  full  explanations  of  this  phenomenon.  Processing  of  these  materials  has  focussed  along  three  routes,  all 
having  the  same  result  of  obtaining  a  dispersion  of  Zr02  particles  in  some  ceramic  matrix. 

A  conventional  approach  involves  mechanically  blending  or  mixing  two  (or  more)  components  or  their 
precursor  powders  together,  adding  organic  lubricants  and  binders,  pressing  into  a  shape,  and  sintering  at  a 
temperature  high  enough  to  promote  densification.  However,  zirconium  dioxide  requires  a  relatively  high 

25  sintering  temperature  (>1700°C)  to  attain  the  densities  required  for  these  toughening  mechanisms  to 
operate.  The  acceptance  of  improved  mixing  technologies  to  ensure  uniform  homogeneity  of  the  zirconia 
phase,  along  with  technological  improvements  in  pressing  and  sintering  (e.g.  isostatic  pressing,  hot 
pressing,  hot  isostatic  pressing),  have  effectively  lowered  the  sintering  temperature  necessary  for  den- 
sification  to  more  practical  levels  (-1450  -  1700°C).  A  lower  sintering  temperature  is  advantageous  because 

30  it  also  minimizes  excessive  grain  growth  of  the  zirconia  particles  which  consequently  improves  metastable 
phase  retention  levels  and  strengths. 

Tough  zirconia  ceramics  have  been  fabricated  from  spinel  (of  fused  cast  origins),  silicon  carbide,  and 
mullite.  (All  show  improvements  in  fracture  toughness,  strengths,  and  in  some  cases,  thermal  shock 
resistance.)  However,  the  most  widely  studied  system  is  the  aluminum  oxide-zirconium  oxide  (Al203-Zr02) 

35  system,  where  particles  of  stabilized  or  unstabilized  zirconia  are  added  to  AI2O3,  mixed,  and  densified. 
Another  method  for  making  toughened  zirconia  ceramics  involves  a  conventional  powder  oxide  (or 

precursor)  mechanical  mixing  approach  using  zirconium  oxide  and  a  stabilizer.  Conventional  high  tempera- 
ture  sintering  is  done  with  subsequent  heat  treatments  at  lower  temperatures  to  produce  a  "composite"  of 
two  or  more  of  the  zirconia  phases.  The  shape,  size,  and  homogeneity  of  this  phase  (phases)  is  determined 

40  by  the  heat  treatment  employed  which  in  turn,  determines  the  final  properties  of  the  ceramic  article.  The 
amount  of  stabilizer  added  also  influences  the  type  and  amount  of  minor  phase  precipitates  formed. 
Conventional  processes  are  used  either  in  the  powder  preparation  and/or  the  powder  mixing  step. 

A  third  method  of  obtaining  a  dispersion  of  Zr02  particles  in  a  ceramic  matrix  involves  a  chemical 
reaction  to  produce  these  particles  and  matrix  in  situ  from  completely  different  starting  constituents.  For 

45  example,  a  well  documented  reaction  involves  that  of  zircon  and  alumina  to  form  zirconia  in  a  mullite  matrix 
as  follows: 

2  ZrSiO*  +  3AI203-  2  Zr02  +  3AI203«Si02 

50  Again,  this  reaction  involves  the  mixing  of  two  already  formed  oxide  materials,  physically  blending  them 
to  ensure  homogeneity,  and  hot-pressing  them  to  carry  out  the  reaction  at  a  lower  temperature. 

Some  references  cite  examples  where  one  or  more  of  the  zirconia  composite  constituents  were 
chemically  produced  and  physically  mixed  to  form  the  composite  powder.  But,  to  the  best  of  our 
knowledge,  no  information  is  available  on  processes  where  the  constituents  of  the  zirconia  toughened 

55  ceramic  have  been  simultaneously  precipitated  as  in  the  present  invention.  One  of  the  constituent  materials 
can  be  the  stabilizer  precursor  salt  for  the  zirconia  phase.  One  advantage  to  this  process  is  the 
homogeneity  achieved  with  the  constituent  precursors.  This  can  eliminate  the  need  to  further  mechanically 
blend  the  powders  in  subsequent  processing.  Another  advantage  lies  with  the  chemical  precipitation 

2 
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process  itself.  This  process  produces  finely  divided,  pure  precipitates  which,  when  processed  and  dried 
properly,  yield  highly  active,  sinterable  powders.  This  can  alleviate  the  need  for  expensive  pressing 
operations  (i.e.  hot-pressing)  to  achieve  lower  sintering  temperatures  for  densification  into  a  fine-grained 
ceramic  unit. 

5  In  accordance  with  the  present  invention,  a  precursor  powder  convertible  to  zirconia-spinel  ceramic 
composites  are  provided  which  have  spinel  forming  metal  compounds  intimately  admixed  with  a  zirconium 
compound,  said  powder  derived  from  continuously  and  simultaneously  adding  in  a  liquid  medium: 

1)  a  water  soluble  aluminate 
2)  at  least  one  decomposable  salt  of  metal  or  suitable  for  forming  a  spinel  crystal  structure  on 

io  calcination; 
3)  a  salt  capable  of  being  converted  on  heating  to  zirconium  oxide,  or  a  fine  zirconium  oxide  powder, 

in  order  to  form  an  intimate  admixture  which  is  co-precipitated,  and  the  solids  recovered,  said  Al  and  Mg 
being  present  in  mole  ratios  to  form  the  spinel  structure  which  optionally  may  contain  a  segregated  MgO  or 
AI2O3  phase  when  converted  to  the  ceramic  composite. 

15  The  spinel  forming  metals  Mg  and  Al  in  the  soluble  form  are  preferably  precipitated  in  a  reaction 
medium  of  pH  4  to  12.  The  resulting  precipitate  (a  precursor)  is  washed,  dried,  and  calcined  to  produce  a 
powder  suitable  for  pressing  into  shaped  objects  and  fired  (sintered)  into  a  dense  refractory  and/or  a 
ceramic  body.  Addition  of  the  zirconium  material  to  the  spinel  material  can  produce  a  composite  ceramic 
body  which  has  improved  properties  (e.g.  thermal  shock  resistance)  when  compared  to  either  material 

20  alone.  Improved  properties  depend  on  the  amount  of  zirconium  containing  material  added  and  the 
conditions  under  which  it  is  dried,  calcined,  and  sintered. 

The  zirconium  compound  is  added  with  the  spinel  precursor-forming  compounds  such  that  the 
precipitation  of  the  oxide  forming  metals  occurs.  The  most  preferred  zirconium  compounds  are  fine 
powders,  preferably  with  crystallite  particle  sizes  of  less  than  1  urn. 

25  Thus,  the  invention  also  comprises  a  process  for  preparing  a  sinterable  ceramic  material  which 
comprises: 

a)  continuously  and  simultaneously  adding  in  a  liquid  medium: 
1)  a  water  soluble  aluminate; 
2)  at  least  one  salt  of  Mg  suitable  for  forming  a  MgO  AI2O3  spinel  crystal; 

30  3)  a  zirconium  salt  capable  of  being  converted  to  zirconium  oxide  on  heating  or  a  fine  zirconium  oxide 
powder; 

b)  precipitating  said  salt  or  salts  at  a  pH  wherein  the  soluble  salt  or  salts  precipitate; 
c)  recovering  said  precipitate  substantially  free  of  medium  in  which  the  precipitation  occurred; 
d)  calcining  said  precipitate  at  least  to  a  temperature  where  the  spinel  structure  forms  and  zirconium 

35  oxide  is  present; 
wherein  said  spinel  forming  metals  are  present  in  mole  ratios  of  form  the  spinel  structure  as  the  major 
composite  powder  component. 

In  general  it  is  most  desirable  if  the  zirconium  compound  has  either  a  particle  size  less  than  one 
micrometer  or  is  added  in  a  manner  to  produce  a  particle  size  in  that  range. 

40  It  is  to  be  understood  that  in  some  applications  the  zirconium  oxide  (Zr02)  must  be  stabilized  to  some 
degree  depending  on  the  conditions  under  which  the  ceramic  will  be  subjected  during  fabrication  and  use. 
Stabilizing  oxides  are  well  known,  and  include  MgO,  CaO,  Y2O3,  and  the  rare  earth  oxides.  These  may  be 
used  per  se  or  formed  from  heat  decomposable  salts  of  these  metals.  This  stabilization  is  often  necessary 
in  ceramic  bodies  containing  Zr02  because  certain  disruptive  phase  transformations  may  occur  during 

45  fabrication  or  use.  Also  stress  accommodating  agents  such  as  AI2O3  are  also  useful  to  stabilize  Zr02. 
It  is  to  be  further  understood  that  one  can  also  prepare  a  precursor  material  in  which  one  of  the  spinel- 

forming  metal  salts  is  present  in  an  amount  excessive  to  the  formation  of  a  stoichiometric  spinel.  This 
material  on  heating  decomposes  to  its  oxide  form,  and,  if  it  satisfies  the  requirements  necessary  to  be  a 
zirconia  stabilizer,  may  do  so.  This  material  may  be  present  in  quantities  to  partially  or  fully  stabilize  the 

50  zirconium  containing  phase  or  be  present  in  its  oxide  form  as  a  discrete  phase  within  the  composite. 
The  zirconium  compound  is  present  in  sufficient  quantity  to  provide  from  greater  than  0  to  less  than  100 

percent,  preferably  from  greater  than  0  to  less  than  50  percent,  more  preferably  from  5  to  20  percent  by 
inclusive  weight  of  the  total  weight  of  the  composite. 

The  following  examples  are  provided  to  illustrate  the  present  invention. 
55 
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Example  1  7.3%  Zr02  -  92.7%  MgAfeO*  Composite  -  Simultaneous  precipitation  of  a  Mg-AI  precursor  using 
a  zirconyl  nitrate  salt 

Sodium  aluminate  (NaAI02),  297.53  g  dissolved  in  7494  cm3  of  water  was  added  to  a  vessel  at  the  rate 
5  of  43  cm3  per  minute  while  simultaneously  adding  to  the  same  vessel  344.75  g  of  magnesium  chloride 

(MgCb),  and  176.5  g  of  zirconium  oxy  nitrate  in  3491  cm3  of  water  at  a  rate  of  19.4  cm3  per  minute.  The 
contents  of  the  vessel  were  continuously  stirred.  The  temperature  of  the  contents  of  the  vessel  was 
maintained  at  about  50  °C.  The  initial  pH  of  the  contents  of  the  vessel  was  9.1  but  rose  within  ten  minutes  to 
10.77  whereupon  hydrochloric  acid  was  added  to  adjust  the  pH.  The  pH  slowly  dropped  throughout  the 

io  reaction  to  10.66.  Thirty  seven  minutes  after  the  initial  reactants  were  admixed,  1000  cm3  of  the  sodium 
aluminate  solution  was  slowly  added  over  a  four  minute  period  while  maintaining  the  steady  addition  of 
sodium  aluminate  and  the  magnesium  chloride/zirconium  nitrate.  A  fine  precipitate  formed  almost  imme- 
diately  and  was  maintained  in  suspension  by  continuous  stirring.  A  similar  amount  of  sodium  aluminate, 
1000  cm3,  was  added  at  fifty-nine  minutes  after  the  initial  mixing  of  the  reactants.  A  final  addition  of  1494  g 

is  of  sodium  aluminate  was  slowly  added  one  hour  and  thirty  five  minutes  after  the  initial  mixing  of  the 
reactants.  The  precipitate  which  was  formed  was  maintained  in  the  reaction  solvent  at  50  °C  for  an 
additional  forty-two  minutes  following  addition  of  the  last  aliquot  of  sodium  aluminate.  The  final  pH  of  the 
solution  was  10.07.  The  precipitate  was  washed  by  the  addition  of  deionized  water  to  the  reaction  vessel 
and  filtered  to  recover  the  precipitate.  The  filter  cake  was  washed  with  several  aliquots  of  deionized  water 

20  and  dried.  Analysis  of  the  resulting  powder  showed  the  powder  contained  7.3  weight  percent  zirconium. 
Following  drying,  the  powder  was  calcined  at  1000°C  for  4  hours. 

Example  2  -  10%  Zr02  -  90%  MgAfeO*  Composite  -  Simultaneous  precipitation  of  a  Mg-AI  precursor  with  a 
zirconium  oxychloride  precursor  salt 

25 
Two  feed  solutions,  one  consisting  of  3000  cm3  of  a  13.5  percent  sodium  aluminate  (NaAI02)  solution 

(pH  13.0)  and  another  consisting  of  the  liquid  mixture  of  2664  cm3  of  a  9.5  percent  solution  of  magnesium 
chloride,  240  cm3  of  a  commercially  available  zirconium  oxychloride  (20  percent  Zr02  content  by 
precipitated  weight),  and  96  cm3  of  deionized  water  (mixture  pH  0.9)  were  simultaneously  added  to  a 

30  reaction  vessel  containing  2000  cm3  of  deionised  water  at  a  constant  rate  of  27  cm3/minute.  The  contents  of 
the  vessel  were  continuously  stirred.  The  temperature  of  the  contents  of  the  vessel  was  maintained  at  room 
temperature  (21  °  C).  The  initial  pH  of  the  deionized  water  contents  of  the  vessel  was  6.0  but  rose 
immediately  upon  the  addition  of  both  feed  mixtures  to  10.3.  A  ten  percent  (10  percent)  hydrochloric  acid 
(HCI)  solution  was  added,  as  needed,  to  adjust  the  pH  to  9.7.  The  pH  was  kept  stable  at  9.6-9.7  throughout 

35  the  reaction  by  adding  HCI  as  needed.  A  total  of  810  cm3  of  HCI  solution  was  added  over  the  110  minute 
duration  of  the  run. 

A  fine  precipitate  formed  almost  immediately  and  was  maintained  in  suspension  by  continuous  stirring. 
The  precipitate  was  aged  in  the  mother  liquor  for  one  hour  and  fifteen  minutes  prior  to  filtration.  The  final  pH 
of  the  reactor  contents  was  9.7.  The  precipitate  slurry  was  filtered  in  600  cm3  aliquots.  This  produced  a  wet 

40  cake  thickness  of  approximately  one  inch  (2.5  cm)  in  a  vacuum  filter  of  4  inches  (10  cm)  in  diameter.  The 
wet  cake  was  consecutively  washed  with  six  bed  depths  (filtered  slurry)  of  deionized  water.  The  wet  cake 
was  stored  in  a  sealed  plastic  container  for  24  hours  prior  to  drying.  The  wet  cake  was  first  dried  at  150°C 
overnight  and  then  calcined  at  1000°C  for  4  hours. 

45  Example  3  -  10%  Zr02  -  90%  MgAfeO*  Composite;  Precipitation  of  a  Mg-AI  precursor  with  a  slurried 
zirconium  oxide  powder  in  the  reactor 

Two  feed  solutions,  one  consisting  of  3000  cm3  of  a  13.5  percent  sodium  aluminate  (NaAI02)  solution 
(pH  12.9)  and  another  consisting  of  the  liquid  mixture  of  2664  cm3  of  a  9.6  percent  solution  of  magnesium 

50  chloride  (MgCI2)  and  336  cm3  of  deionized  water  and  45  g  of  a  commercially  available  zirconium  oxide  (pH 
mixture  -  6.3)  were  added  Simultaneously  to  a  reaction  vessel  containing  2000  cm3  of  deionized  water  or  an 
initial  rate  of  27  cm3/minute.  The  contents  of  the  magnesium  chloride/water/zirconium  oxide  solution  were 
continuously  stirred  to  keep  the  Zr02  from  settling.  The  contents  of  the  reaction  vessel  were  stirred  as  well. 
The  temperature  of  the  contents  of  the  reaction  vessel  was  maintained  at  room  temperature.  The  initial  pH 

55  of  the  deionized  water  contents  of  the  vessel  was  6.5  but  rose  immediately  upon  the  addition  of  both  feed 
mixtures  to  10.0.  A  ten  percent  hydrochloric  acid  (HCI)  or  a  ten  percent  sodium  hydroxide  (NaOH)  Solution 
was  added  as  needed  to  adjust  the  pH  to  approximately  9.8.  At  two  minutes  into  the  reaction  the  pH  was 
9.7  and  stabilized  there  for  the  duration  of  the  110  minute  run. 

4 
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A  fine  precipitate  formed  almost  immediately  and  was  mixed  with  the  zirconium  oxide  addition 
continuously.  The  precipitates  were  kept  in  solution  17  hours  prior  to  filtration.  No  noticeable  changes  in  pH 
occurred  during  this  time.  The  precipitate  slurry  was  filtered  in  600  cm3  aliquots,  producing  a  wet  cake 
thickness  of  approximately  1.25  cm  inches  (3  cm)  in  a  vacuum  filter  of  four  inches  (10  cm)  in  diameter.  The 

5  wet  cake  was  consecutively  washed  with  six  bed  depths  (filtered  slurry)  of  deionized  water.  The  wet  cake 
was  then  dried  at  150°C  overnight  and  then  calcined  at  1000°C  for  four  hours. 

Example  4  -  40%  Zr02  -  60%  MgAbCU  composite  Pilot  Plant  scale-up;  continuous  operation  to 
coprecipitate  via  zirconium  oxychloride  route 

10 
A  zirconium/magnesium/aluminum  precursor  salt  was  made  in  a  pilot  plant  facility  by  first  equilibrating 

the  flow  rates  in  the  plant  to  make  the  Mg-AI  precursor  of  a  given  1  .94  ratio  and  then  adding  a  third  stream 
of  zirconium  oxychloride  in  a  calculated  ratio  to  arrive  at  the  desired  40  percent  Zr02  -  60  percent  MgAbCU 
ratio  in  the  final  sintered  product. 

is  Two  feed  solutions,  one  consisting  of  an  11.63  percent  magnesium  chloride  (MgCb)  and  another 
consisting  of  an  11.0  percent  sodium  aluminate  (NaAI02)  solutions  were  prepared  and  coprecipitated  to 
form  a  Mg-AI  hydroxide  chloride  slurry  at  flowrates  of  1.27  gallons  per  minute  (gpm)  (8  x  10-5  m3/s)  for 
MgCI  and  2.05  gpm  (13  x  10-5  m3/s  for  the  NaAI02.  The  pilot  plant  conditions  equilibrated  68  minutes  into 
the  run  at  50  °  C  (pH  9.4)  to  make  a  consistent  Mg-AI  precursor  with  a  1  .94  Al/Mg  molar  ratio.  At  this  time  a 

20  third  feed  of  20  percent  zirconium  oxychloride  solution  (ZrOCb)  was  added  at  a  rate  of  0.6  gpm  (4  x  10-5 
m3/s).  Four  minutes  later  (72  minutes  into  the  run)  10  percent  sodium  hydroxide  (NaOH)  was  added,  as 
needed,  for  a  pH  control  of  9.4.  Material  caught  during  the  next  38  minutes  was  discarded  as  being  low  in 
Zr  content  (i.e.  from  68  to  116  minutes  into  the  run).  At  116  minutes  into  the  run,  48  minutes  after  the 
introduction  of  zirconium  oxychloride,  the  slurry  became  too  thick  to  adequately  mix.  The  contents  of  the 

25  reactor  were  then  pumped  to  holding  drums  as  the  flows  of  all  three  lines  continued.  The  final  pH  of  the 
reaction  was  9.4.  A  total  of  60  gallons  (0.3  m3)  of  MgCI2,  97  gallons  (0.44  m3)  of  NaAI02,  and  28.2  gallons 
(0.13  m3)  of  ZrOCb  were  used  to  produce  the  composite  precursor. 

Five  barrels  of  reactor  slurry  were  caught.  These  were  systematically  decanted,  washed  with  deionized 
water,  allowed  to  settle.  This  procedure  was  repeated  four  times  to  adequately  wash  any  residual  reactor 

30  salts  from  the  slurry.  The  clears  from  the  suspension  were  analyzed  and  showed  no  leaching  of  Zr,  Mg,  or 
Al  from  the  slurry.  Sodium  salt  levels  decreased  from  8.0  to  0.6  percent.  After  the  final  decanting  operation, 
the  cake  slurry  was  re-slurried  and  pumped  to  a  belt  filter  where  it  was  filtered  and  stored  in  polyethylene 
drums.  Wet  cake  samples  were  dried  at  150°C  and  calcined  to  1000°C  for  four  hours. 

X-ray  diffraction  (XRD)  analysis  shows  that  the  dried  40  percent  Zr02-MgAI204  precursor  sample  is 
35  composed  of  gibbsite,  AI(OH)3,  some  bayerite  and  a  poorly  crystallized  magnesium  aluminate.  No 

crystalline  zirconium  compounds  are  seen  by  XRD.  However,  peaks  for  Zr  are  seen  in  the  Energy 
Dispersive  X-ray  (EDX)  spectra,  along  with  major  peaks  for  CI,  Mg,  and  Al. 

Scanning  Electron  Microscopy  of  the  dried  precursor  composites  show  the  discrete  particles  of  AI(OH)3, 
and  the  layered  Mg-AI  hydroxide  particles  cemented  together  in  the  form  of  approximately  10  micron 

40  agglomerates.  A  spot  EDX  of  the  binder  phase  material  shows  it  to  be  rich  in  zirconium.  This  zirconium 
containing  phase  appears  to  have  uniformly  coated  the  precipitated  magnesium  'aluminum  hydroxide 
precursor. 

This  powder  on  calcination  to  1000°C  shows  a  well  crystallized  magnesium  aluminate  spinel  phase  and 
a  mixture  of  cubic  and  monoclinic  zirconium  oxide  phases. 

45  The  surface  area  of  the  precursor  hydroxychloride  composite  of  Example  4  is  83  m2/gm.  This  value  is 
comparable  to  those  of  the  Mg-AI  hydroxychlorides  prepared  as  described  in  U.S.  Patent  4,400,431.  On 
calcination  to  1000°C,  this  value  is  reduced  to  27  m2/gm.  Of  course,  upon  further  calcination  at  tempera- 
tures  greater  than  1000°C,  the  product  can  be  further  densified.  This  high  activity  level  is  necessary  for 
densification  at  temperatures  lower  than  traditional  sintering  temperatures. 

50 
Methods  and  Evaluation  of  Pressed  and  Sintered  Ceramic  Oxides 

Pellet  studies  of  pressed  and  sintered  disks  made  from  these  powders  were  performed  in  the  following 
manner.  The  calcined  powders  were  sieved  through  a  100  mesh  screen  and  pressed  into  at  least  four  1.25 

55  inch  (3  cm)  pellets  of  varying  thicknesses.  No  binders  were  used.  Pressing  pressures  did  not  exceed  68.9 
MPa  (10,000  psi).  These  disks  were  dried  at  60  °C  for  four  hours  to  remove  any  residual  moisture.  Sintering 
occurred  at  1530°C  for  a  10  hour  hold  following  a  slow  (8  hours)  temperature  rise  from  room  temperature 
to  the  hold  temperature.  Pellet  measurements  were  taken  prior  to  and  after  sintering  and  densities  and 
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Shrinkages  were  calculated  using  the  ASTM  C-20  method.  Flexure  strength  measurements,  where  cited, 
were  performed  in  accordance  to  ASTM  F  394-78.  These  studies  are  summarized  in  Table  1  . 

The  green  density  measurements  of  35-40  percent  of  theoretical  density  indicate  moderate  strengths. 
When  binders  are  used,  the  green  density  can  be  improved  to  a  more  desirable  industrial  standard  of  40 

5  percent  of  theoretical  density.  Optimal  densification  occurred  in  the  10  percent  Zr02-MgAI204  prepared  via 
the  zirconium  oxychloride  coprecipitation  route.  A  less  preferred  route,  Showing  poor  densification,  occurred 
when  a  slurry  of  zirconium  oxide,  formed  previously  from  a  fusion  route,  was  added  during  the  coprecipita- 
tion  of  the  Mg-AI  precursor  phase.  The  observed  shrinkages  for  all  the  powders  are  typical  for  powders 
derived  via  chemical  routes  and  can  be  tailored  by  changes  in  the  calcination  temperatures. 

io  Strengths  were  measured  on  the  10%  Zr02  composite  prepared  via  the  zirconyl  nitrate  route.  The 
observed  strengths  of  178  MPa  (25,800  psi)  is  within  the  usable  range  for  refractory  or  ceramic  applications. 
Strengths  in  this  system  are  a  function  of  densification,  amount  of  zirconia  phase  present,  and  the  crystal 
structure  of  the  zirconia. 

6 
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Claims 

1.  A  precursor  powder  convertible  to  a  zirconia-spinel  ceramic  composite  which  comprises  spinel  forming 
metal  compounds  intimately  admixed  with  a  zirconium  compound,  said  powder  having  been  derived 
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from  continuously  and  simultaneously  adding  in  a  liquid  medium: 
1)  a  water  soluble  aluminate; 
2)  at  least  one  salt  of  Mg  suitable  for  forming  a  MgO  AI2O3  spinel  crystal  structure  on  calcination; 
3)  a  salt  capable  of  being  converted  on  heating  to  zirconium  oxide,  or  a  fine  zirconium  oxide  powder; 

5  in  order  to  form  an  intimate  admixture  which  is  coprecipitated,  and  the  solids  recovered,  said  Mg  and  Al 
salts  being  present  in  mole  ratios  to  form  the  spinel  structure  which  optionally  may  contain  a 
segregated  MgO  or  AI2O3  phase  when  converted  to  the  ceramic  composite. 

2.  The  powder  of  Claim  1  ,  wherein  the  precursor  powder  has  been  heated  to  a  temperature  sufficient  to 
10  substantially  convert  the  precursor  components  to  a  composite  of  the  spinel  and  zirconium  oxide  with 

or  without  other  oxide  stabilizers,  and  with  or  without  forming  into  an  object. 

3.  A  composite  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  zirconia  is  present  in  an 
amount  of  from  greater  than  zero  to  less  than  50  percent  of  the  total  weight  of  the  composition. 

15 
4.  A  composite  as  claimed  in  Claim  3,  wherein  the  zirconia  is  present  in  an  amount  of  from  5  to  20  weight 

percent  of  the  composition. 

5.  A  composite  as  claimed  in  any  one  of  the  preceding  claims,  comprising  a  spinel  matrix  and  a  zirconium 
20  oxide  segregated  phase  intimately  dispersed  therein. 

6.  The  composite  as  claimed  in  Claim  5,  wherein  said  zirconium  oxide  particle  size  is  less  than  one 
micrometer 

25  7.  A  process  for  preparing  a  sinterable  ceramic  material  which  comprises: 
a)  continuously  and  simultaneously  adding  in  a  liquid  medium: 

1)  a  water  soluble  aluminate; 
2)  at  least  one  salt  of  Mg  suitable  for  forming  a  MgO  AI2O3  spinel  crystal  structures  on 
calcination; 

30  3)  a  zirconium  salt  capable  of  being  converted  to  zirconium  oxide  on  heating  or  a  fine  zirconium 
oxide  powder; 

b)  precipitating  said  salt  or  salts  at  a  pH  wherein  the  soluble  salt  or  salts  precipitate; 
c)  recovering  said  precipitate  substantially  free  of  medium  in  which  the  precipitation  occurred; 
d)  calcining  said  precipitate  at  least  to  a  temperature  where  the  spinel  structure  forms  and  zirconium 

35  oxide  is  present; 
wherein  said  spinel  forming  metals  are  present  in  mole  ratios  of  form  the  spinel  structure  as  the  major 
composite  powder  component. 

8.  A  process  as  claimed  in  Claim  7,  wherein  said  pH  of  precipitation  is  from  4  to  12. 
40 

9.  A  process  as  claimed  in  Claim  7  or  Claim  8,  wherein  a  stabilized  zirconium  oxide  is  added  to  or  formed 
in  situ  with  said  spinel  forming  metal  salts. 

10.  A  process  as  claimed  in  any  one  of  Claims  7  to  9,  wherein  a  stabiliser,  which  is  one  or  more  oxides  or 
45  heat  decomposable  salts  of  magnesium,  calcium,  yttrium,  or  aluminium  compounds,  is  included. 

Patentanspruche 

1.  Vorstufenpulver,  das  in  einen  Zirkoniumoxid-Spinell-Keramikverbundstoff  uberfuhrbar  ist  und  Spinell- 
50  bildende  Metallverbindungen  in  inniger  Vermischung  mit  einer  Zirkoniumverbindung  umfaBt,  wobei  das 

Pulver  durch  die  kontinuierliche  und  gleichzeitige  Zugabe  in  einem  flussigen  Medium  von: 
1)  einem  wasserloslichen  Aluminat, 
2)  mindestens  einem  Mg-Salz,  das  bei  Calcinierung  zur  Bildung  einer  MgO-AI203-Spinellkristallstruk- 
tur  geeignet  ist, 

55  3)  einem  Salz,  das  beim  Erhitzen  in  Zirkoniumoxid  uberfuhrt  werden  kann,  oder  einen  feinen 
Zirkoniumoxidpulver, 

unter  Bildung  eines  innigen  Gemisches  entstanden  ist,  das  coprazipitiert  wird,  und  die  Feststoffe 
gewonnen  werden,  wobei  die  Mg-  und  Al-Salze  in  Molverhaltnissen  vorhanden  sind,  urn  die  Spinell- 

8 
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struktur  zu  bilden,  die  gegebenenfalls  eine  segregierte  MgO-  oder  Al203-Phase  bei  Uberfuhrung  in  den 
keramischen  Verbundstoff  enthalten  kann. 

2.  Pulver  nach  Anspruch  1  ,  worin  das  Vorstufenpulver  auf  eine  ausreichende  Temperatur  erhitzt  worden 
5  ist,  urn  die  Vorstufenkomponenten  im  wesentlichen  in  einen  Verbundstoff  des  Spinells  und  des 

Zirkoniumoxids  mit  oder  andere  Oxidstabilisatoren  zu  uberfuhren  und  mit  oder  ohne  Formung  zu  einem 
Gegenstand. 

3.  Verbundstoff  nach  einem  der  vorhergehenden  Anspruche,  worin  das  Zirkoniumoxid  in  einer  Menge  von 
io  mehr  als  0  bis  weniger  als  50  %  des  Gesamtgewichts  der  Zusammensetzung  vorhanden  ist. 

4.  Verbundstoff  nach  Anspruch  3,  worin  das  Zirkoniumoxid  in  einer  Menge  von  5  bis  20  Gew.-%  der 
Zusammensetzung  vorhanden  ist. 

is  5.  Verbundstoff  nach  einem  der  vorhergehenden  Anspruche,  umfassend  eine  Spinellmatrix  und  eine  darin 
innig  dispergierte,  segregierte  Zirkoniumoxidphase. 

6.  Verbundstoff  nach  Anspruch  5,  worin  die  TeilchengroBe  von  Zirkoniumoxid  weniger  als  1  urn  ist. 

20  7.  Verfahren  zur  Herstellung  eines  sinterbaren  Keramikmaterials,  umfassend: 
a)  kontinuierliches  und  gleichzeitiges  Zusammengeben  in  einem  flussigen  Medium  von: 

1)  einem  wasserloslichen  Aluminat, 
2)  mindestens  einem  Mg-Salz,  das  zur  Bildung  einer  MgOAI203-Spinellkristallstruktur  bei  Calci- 
nierung  geeignet  ist, 

25  3)  einem  Zirkoniumsalz,  das  bei  Erhitzen  in  Zirkoniumoxid  uberfuhrt  werden  kann,  oder  einem 
feinen  Zirkoniumoxidpulver, 

b)  Prazipitieren  des  Salzes  oder  der  Salze  bei  einem  pH-Wert,  worin  das  losliche  Salz  oder  die 
Salze  prazipitieren, 
c)  Gewinnen  des  Prazipitats  im  wesentlichen  frei  von  Medium,  in  dem  die  Prazipitation  erfolgt  ist, 

30  d)  Calcinieren  des  Prazipitats  auf  mindestens  eine  Temperatur,  wo  sich  die  Spinellstruktur  bildet, 
und  wobei  Zirkoniumoxid  vorhanden  ist, 

worin  die  Spinell-bildenden  Metalle  in  Molverhaltnissen  vorhanden  sind,  urn  die  Spinellstruktur  als 
Hauptkomponente  des  Verbundstoffpulvers  zu  bilden. 

35  8.  Verfahren  nach  Anspruch  7,  worin  der  pH-Wert  der  Prazipitation  von  4  bis  12  ist. 

9.  Verfahren  nach  Anspruch  7  oder  8,  worin  ein  stabilisiertes  Zirkoniumoxid  mit  den  Spinell-bildenden 
Metallsalzen  zugesetzt  oder  in  situ  gebildet  wird. 

40  10.  Verfahren  nach  einem  der  Anspruche  7  bis  9,  worin  ein  Stabilisator  vorhanden  ist,  der  ein  oder  mehrere 
Oxide  oder  durch  Hitze  zersetzbare  Salze  von  Magnesium-,  Calcium-,  Yttrium-  oder  Aluminiumverbin- 
dungen  ist. 

Revendicatlons 
45 

1.  Poudre  de  precurseur  convertible  en  un  composite  de  ceramique  zircone-spinelle  qui  comprend  des 
composes  metalliques  formant  un  spinelle  intimement  melange  avec  un  compose  de  zirconium,  ladite 
poudre  ayant  ete  obtenue  par  addition  en  continu  et  simultanee  dans  un  milieu  liquide: 

1)  d'un  aluminate  hydrosoluble; 
50  2)  d'au  moins  un  sel  de  Mg  approprie  pour  former  une  structure  cristalline  de  spinelle  MgO-AI203 

par  calcination; 
3)  d'un  sel  capable  d'etre  converti  par  chauffage  en  oxyde  de  zirconium,  ou  une  poudre  fine  d'oxyde 
de  zirconium; 

afin  de  former  un  melange  intime  qui  est  co-precipite,  et  les  solides  recuperes,  lesdits  sels  de  Mg  et  Al 
55  etant  presents  dans  des  rapports  molaires  correspondant  a  la  formation  de  la  structure  de  spinelle  qui, 

eventuellement,  peut  contenir  une  phase  de  MgO  ou  Al203  separee  quand  elle  est  convertie  en 
composite  de  ceramique. 

9 



EP  0  232  094  B1 

2.  Poudre  selon  la  revendication  1,  dans  laquelle  la  poudre  de  precurseur  a  ete  chauffee  a  une 
temperature  suffisante  pour  convertir  sensiblement  les  composants  de  precurseur  en  un  composite  de 
spinelle  et  d'oxyde  de  zirconium  avec  ou  sans  autres  stabilisants  des  oxydes,  et  avec  ou  sans  formage 
en  un  objet. 

5 
3.  Composite  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  zircone  est  presente 

en  quantite  superieure  a  0  a  inferieure  a  50  poucent  du  poids  total  de  la  composition. 

4.  Composite  selon  la  revendication  3,  dans  lequel  la  zircone  est  presente  en  quantite  de  5  a  20  pourcent 
io  en  poids  de  la  composition. 

5.  Composite  selon  I'une  quelconque  des  revendications  precedentes,  comprenant  une  matrice  de 
spinelle  et  une  phase  separee  d'oxyde  de  zirconium  intimement  dispersee  dedans. 

is  6.  Composite  selon  la  revendication  5,  dans  lequel  la  granulomere  de  I'oxyde  de  zirconium  est  inferieure 
a  1  micrometre. 

7.  Procede  de  preparation  d'une  matiere  de  ceramique  frittable  qui  comprend  les  operations  consistant: 
a)  a  ajouter  en  continu  et  simultanement  dans  un  milieu  liquide  : 

20  1)  un  aluminate  hydrosoluble; 
2)  au  moins  un  sel  de  Mg  approprie  pour  former  des  structures  cristallines  de  spinelle  de  MgO- 
AI2O3  par  calcination; 
3)  un  sel  de  zirconium  capable  d'etre  converti  en  oxyde  de  zirconium  au  chauffage  ou  une 
poudre  fine  d'oxyde  de  zirconium; 

25  b)  a  precipiter  ledit  ou  lesdits  sels  a  un  pH  auquel  le  ou  les  sels  solubles  precipitent; 
c)  a  recuperer  ledit  precipite  sensiblement  exempt  du  milieu  dans  lequel  la  precipitation  a  eu  lieu; 
d)  a  calciner  ledit  precipite  au  moins  a  une  temperature  ou  la  structure  de  spinelle  se  forme  et  ou 
I'oxyde  de  zirconium  est  present; 

dans  lequel  lesdits  metaux  formant  un  spinelle  sont  presents  en  des  rapports  molaires  correspondant  a 
30  la  formation  de  la  structure  de  spinelle  comme  le  composant  principal  de  la  poudre  composite. 

8.  Procede  selon  la  revendication  7,  dans  lequel  ledit  pH  de  precipitation  est  de  4  a  12. 

9.  Procede  selon  la  revendication  7  ou  8,  dans  lequel  un  oxyde  de  zirconium  stabilise  est  ajoute  ou  forme 
35  in  situ  avec  lesdits  sels  de  metal  formant  un  spinelle. 

10.  Procede  selon  I'une  quelconque  des  revendications  7  a  9,  dans  lequel  un  stabilisant,  qui  est  un  ou 
plusieurs  oxydes  ou  des  sels  decomposables  a  la  chaleur  de  compose  de  magnesium,  de  calcium, 
d'yttrium,  ou  d'aluminium,  est  incorpore. 

40 

45 

50 

55 

10 


	bibliography
	description
	claims

