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Description 

Background  of  the  Invention 

5  1  .  Field  of  the  Invention 

This  invention  relates  to  low  thermal  expansion  ceramic  composite  compositions  based  upon  zirconium 
titanate  and  AbTiCfe,  and  their  solid  solutions,  which  have  high  melting  points  and  excellent  phase  stability 
at  high  temperatures  or  cycling  conditions. 

70 
2.  Description  of  Previously  Published  Art 

Materials  with  excellent  thermal  shock  resistance  are  required  for  a  wide  range  of  service  applications 
including  automotive  catalyst  supports,  molten  metal  filters,  welding  fixtures,  kilnware,  etc.  For  high 

75  temperatures  above  1000°C,  this  necessitates  the  use  of  ceramic  materials.  It  is  known  that  the  thermal 
shock  resistance  depends  upon  the  characteristics  of  the  material,  including  strength,  Young's  Modulus, 
coefficient  of  thermal  expansion,  thermal  conductivity,  and  the  physical  configurations  of  the  shape.  The 
coefficient  of  thermal  expansion  is  especially  critical  since  low  values  mean  the  material  undergoes  minimal 
dimensional  changes  over  a  wide  temperature  range. 

20  Consequently,  the  use  of  low  expansion  materials  in  applications  which  see  rapid,  gross  temperature 
changes,  usually  designated  delta  T  by  those  skilled  in  the  art,  is  highly  desirable.  These  materials  are  not 
prone  to  the  large  stress  buildups  and  consequent  fracturing  with  extreme  thermal  cycling  or  large  delta  T 
values. 

A  wide  variety  of  crystalline  ceramics  have  been  utilized  for  their  low  thermal  expansions/high  melting 
25  points  for  such  applications.  Crystalline  materials  may  have  isotropic  or  anisotropic  thermal  expansions;  that 

is,  expansions  may  be  the  same,  similar,  or  very  different  for  each  of  the  crystallographic  directions.  Lithium 
aluminum  silicate  (Beta-spodumene)  shows  marked  anisotropy  such  that  its  thermal  expansion  alpha24-iooo°c 
along  its  c-axis  is  -17.6  x  10_G  °C_1  while  the  two  values  normal  to  the  c-axis  are  each  +  8.2  x  10_G  °C_1. 
Its  melting  point  limits  the  service  use  to  about  1200°C.  Cordierite,  Mg2Al4Si5  0is,  is  widely  used  to 

30  temperatures  of  about  1450°C.  Cordierite  has  crystallographic  expansions  of  -1.1x10_G  °C_1  along  its  c- 
axis  and  +  2.90x10_G  °  C_1  normal  to  the  c-axis.  However,  the  average  expansions  of  a  polycrystalline 
cordierite  ceramics  range  between  0.7  and  1.5x10_G  °C_1. 

Aluminum  titanate,  AbTiCfe,  has  expansion  values  of  -3.0,  +11.8  and  +21.8  x10_G°C_1  for  its  three 
crystallographic  directions.  Aluminum  titanate  mixed  with  mullite  to  form  a  mullite-AbTiCfe  (MAT)  particle 

35  composite  has  experienced  much  research  for  thermal  shock  use.  Its  polycrystalline  expansion  ranges 
between  approximately  0.5  and  1.5x10_G  °C_1.  The  resultant  material  properties  reflect  a  compromise  of 
the  low  strength/low  expansion  of  AbTiCfe  and  high  strength/moderate  expansion  of  mullite.  These  materials 
are  highly  complex  due  to  the  propensity  of  the  AbTiCfe  to  severely  microcrack,  and  the  decomposition  of 
AI2Ti05  to  AI2O3  and  Ti02  between  800-1250°  C,  above  which  they  recombine  to  again  form  AbTiCv  Much 

40  work  has  been  done  to  control  the  decomposition  of  AbTiCfe  by  the  addition  of  small  amounts  of  stabilizers, 
including  MgO  and  Fe203,  into  solid  solution.  This  is  recognized  in  the  prior  art,  notably  U.  S.  Patent  No. 
2,776,896. 

Other  references  note  some  beneficial  results  from  the  addition  of  rare  earths,  Si02,  CaO,  BaO,  etc.  to 
AI2Ti05  but  these  have  received  less  attention.  However,  the  complex  interrelationships  between  microcrac- 

45  king,  phase  stability  and  physical/mechanical  properties  make  AI2Ti05  or  mullite-AI2Ti05  a  very  difficult 
material  to  control. 

Zirconia  has  received  much  attention  in  the  ceramics  industry  and  there  are  many  commercial  Zr02 
products  and  processes.  The  ability  of  Zr02  to  be  stabilized  with  additives  such  as  Y203,  CaO  or  MgO  to 
maintain  a  metastable  high  temperature  phase  has  been  recognized.  By  adding  unstabilized  or  partially 

50  stabilized  Zr02  to  a  constraining  matrix  of  a  second  ceramic  such  as  Al203  or  mullite,  the  Zr02  imparts  a 
greater  toughness  to  the  resultant  ceramic  composite,  thereby  enhancing  its  mechanical  properties.  The 
affect  of  the  Zr02  added  is  strongly  dependent  upon  the  amount  of  Zr02,  as  well  as  the  particle  size 
(generally  on  the  order  of  0.5  urn  (microns)),  which  are  essential  to  achieve  effective  toughening.  See  U.  S. 
Patent  No.  4,316,964. 

55  AI2Ti05  has  been  combined  with  various  materials.  For  example,  Japanese  Patent  Publications 
55062840,  55062841,  55062842  and  55062843  disclose  adding  zircon  (ZrSiO+)  and  alkaline  earth  metal 
oxides  or  hydroxides.  Japanese  Patent  Publication  55063387  discloses  zirconium  (Zr)  and  alkaline  earth 
metal  oxide.  German  Patent  19  15  787  discloses  adding  zirconium  silicate.  Japanese  Patent  Publication 
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52023113  discloses  zirconia  or  silica.  Other  references  disclosing  zirconia  are  L.  M.  Silich  et  al  in  Chemical 
Abstracts  103  :  108  975  f  on  page  264,  and  in  Steklo,  Sitally  i  Silikaty,  vol.  13,  pages  110-14  (1984),  Soviet 
Patent  899600  and  Japanese  Patent  Publication  55121967.  Japanese  Patent  Publication  79025045  dis- 
closes  adding  to  aluminum  titanate,  zirconia  and  Y2O3,  Ce02  and/or  La2  03.  Japanese  Patent  Publication 

5  60046970  discloses  adding  1-10  wt%  of  at  least  one  of  Fe2  03,  Si02,  MgO,  Zr02,  cordierite,  mullite  and 
clay  to  a  composition  of  100  parts  by  weight  of  aluminum  titanate,  0.5-10  parts  by  weight  of  Li20  and  4.5- 
30  parts  by  weight  of  Si02.  Belgian  Patent  898,604  discloses  zircon  and  alumina  which  can  have  further 
added  titanium  oxide. 

ZrTiO  ̂ and  its  solid  solutions  (especially  with  Sn02)  have  been  extensively  utilized  in  the  electronics 
10  industry  due  to  their  good  dielectric  properties  in  microwave  regimes.  ZrTiO  ̂ has  also  been  used  as  a  base 

for  multi-phase  pigments  for  high  temperature  applications.  However,  there  is  little  evidence  in  the  literature 
indicating  that  ZrTiO  ̂ has  been  considered  for  technical  ceramics  applications  such  as  those  proposed 
herein.  A  recent  study  by  McHale  and  Roth  (1986)  describes  the  complex  series  of  continuous  phase 
transformations  which  zirconium  titanate  undergoes  below  approximately  1150°C.  It  was  found  that  when 

15  the  stoichiometry  1  Zr02:1  Ti02  is  reacted,  ZrTiO  ̂ does  not  form  as  previously  believed.  Instead,  some 
Zr02  is  precipitated  out  and  a  continuous  series  of  possible  zirconium  titanate  compositions  may  form.  The 
propensity  of  zirconium  titanate  to  form  solid  solutions,  and  the  important  role  of  minor  impurities  on  the 
behavior  of  zirconium  titanate  compositions  is  noted. 

The  interrelationship  between  the  microstructure  of  a  ceramic  and  the  compositional  effects  of  the 
20  constituents  is  known  in  the  literature.  By  microstructure,  the  grain  sizes,  grain  orientations,  porosity, 

distributions  of  phases  and  other  physical  characteristics  of  the  ceramic  are  taken  into  account.  Mullite- 
Aluminum  Titanate  composites  are  used  by  way  of  illustration.  It  is  known  that  Aluminum  Titanate 
experiences  microcracking  due  to  its  high  degree  of  crystal  anisotropy  which,  in  turn,  leads  to  a 
macroscopic  low  thermal  expansion.  However,  the  size  of  the  microcracks  is  directly  related  to  the  size  of 

25  the  aluminum  titanate  grains  in  the  microstructure.  Hence,  thermal  expansion  reflects  the  size  of  available 
microcracks  which,  in  turn,  is  dependent  upon  grain  size.  Too  small  a  grain  size  does  not  allow  effective 
microcracking  and  there  will  be  no  effective  reduction  the  thermal  expansion.  Conversely,  too  large  of  a 
grain  size  may  create  very  large  microcracks  which  gives  a  low  thermal  expansion  but  can  also  lead  to  a 
significant  reduction  of  the  mechanical  integrity  of  the  ceramic.  Thus,  a  mullite-aluminum  titanate  ceramic 

30  with  a  15  urn  (micron)  aluminum  titanate  average  grain  size  gives  alpha24-iooo°c  =  1.5  x  10_G  °C_1,  while  an 
identical  composition  with  a  finer,  1-2  urn  (micron)  aluminum  titanate  average  grain  size  gives  alpha24-iooo°c 
=  4.5  x  10_G°C_1,  and  an  intermediate  grain  size  of  10  urn  (microns)  gives  alpha24-iooo°c  =  2.8  x 
-jq-goq-1  j^jg  effect  may  De  further  altered  by  the  addition  of  small  amounts  of  phase  stabilizers  to 
aluminum  titanate.  Since  the  stabilizers  reduce  crystal  anisotropy  to  inhibit  decomposition,  it  follows  that 

35  such  solid  solutions  may  also  change  microcrack  size  and  consequently,  thermal  expansion.  Therefore,  by 
manipulating  grain  size  versus  composition  of  the  aluminum  titanate,  a  balance  can  be  achieved  between 
chemical  composition  of  the  constituents  and  microstructural  relationships  to  create  changes  in  properties, 
for  example,  thermal  expansion. 

40  3.  Objects  of  the  Invention 

It  is  an  object  of  this  invention  to  produce  a  low  expansion  ceramic  composition  utilizing  zirconium 
titanate  as  a  constituent  for  high  temperature  applications  requiring  thermal  shock  resistance. 

It  is  an  object  of  this  invention  to  produce  a  low  thermal  expansion  ceramic  composition  with  a  high 
45  melting  point  of  1500°  C  or  higher  and  phase  stability  at  high  temperatures. 

It  is  an  object  of  this  invention  to  prepare  low  expansion  ceramics  composed  essentially  of  AI2O3,  Ti02, 
and  Zr02  wherein  the  crystalline  phases  of  the  fired  product  consist  primarily  of  AI2Ti05,  zirconium  titanate 
and  zirconia,  or  solid  solutions  thereof  with  appropriate  resultant  microstructures.  Such  ceramic  composi- 
tions  have  average  thermal  expansions  coefficients  of  not  more  than  1.5x10_G°C_1  in  the  temperature 

50  range  of  25-1  000  °C,  and  maintain  their  low  coefficient  of  thermal  expansion  and  phase  stability  after 
thermal  cycling  in  air  between  200-11  50  °C  for  300  cycles. 

It  is  a  further  object  of  this  invention  to  provide  methods  of  producing  low  expansion  ceramics  by 
mixing  sources  of  AI2O3,  Ti02,  Zr02  and  stabilizers  chosen  from  Si02  and/or  Fe2  03  where  at  least  one  of 
the  final  phases  is  pre-reacted;  shaping  the  batch;  drying  the  shaped  batch  if  necessary;  and  firing  the 

55  batch  at  a  temperature  of  1250°  C  or  higher. 
A  further  object  of  this  invention  is  to  prepare  a  batch  as  above,  adding  water  or  plasticizer;  preparing  a 

shape  such  as  a  monolithic  honeycomb  by  extrusion;  drying  the  shape;  and  firing  the  batch  at  a 
temperature  of  1250°C  or  higher. 

3 
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It  is  a  further  object  of  this  invention  to  provide  methods  of  producing  low  expansion  ceramics  by 
mixing  prereacted  Powders  of  AbTiCfe  and  zirconium  titanate,  or  solid  solutions  thereof  along  with 
appropriate  additives;  shaping  the  batch;  drying  the  batch  if  necessary;  and  firing  the  batch  at  a 
temperature  of  1250°C  or  higher. 

5  These  and  further  objects  will  become  apparent  as  the  description  of  the  invention  proceeds. 

Summary  of  the  Invention 

The  invention  described  herein  utilizes  the  properties  of  three  oxide  phase  components  to  create  a 
io  composite  material  with  a  low  overall  thermal  expansion.  Properties  can  be  enhanced  by  manipulating  the 

crystal  chemistry  of  the  components  by  creating  limited  solid  solutions.  The  fired  ceramic  composite 
composition  comprises,  according  to  X-ray  diffraction,  a  predominant  AbTiCfe  phase  along  with  zirconium 
titanate  and  zirconia  phases  where  the  final  overall  ceramic  composition  has  a  low  thermal  expansion 
between  24  and  1000°C  of  not  greater  than  1.5x10_G  °C_1  and  a  thermal  stability  in  air  such  that  (a)  upon 

is  heating  to  1200°  C  for  at  least  4  hours  there  is  substantially  no  decomposition  of  the  AbTiCfe  phase  to  rutile 
or  alumina  as  measured  by  X-ray  diffraction,  (b)  physical  growth  after  thermal  cycling  between  200  and 
1150°C  for  300  cycles  does  not  exceed  1.5%,  and  (c)  the  composition  maintains  a  low  average  thermal 
expansion  between  24  and  1000°C  of  not  greater  than  1.5x10_G  °C_1  after  the  isothermal  heating  or  cycling 
conditions  the  composition  being  made  by  forming  a  mixture  of  reactants  comprising 

20  (a)  50  -  90  volume  percent  AbTiCfe  or  a  solid  solution  having  a  substantial  amount  of  AbTiCfe  in  the  solid 
solution,  and 
(b)  10  -  50  volume  percent  zirconium  titanate;  the  mixture  being  either 

(i)  prereacted  AbTiCfe  and  prereacted  zirconium-titanate, 
(ii)  prereacted  AbTiCfe  and  sources  of  Ti02  and  Zr02  to  form  zirconium  titanate,  or 

25  (iii)  prereacted  zirconium  titanate  and  sources  of  Al203  and  Ti02  to  form  AbTiCfe; 
and  heating  the  mixture  at  a  temperature  of  1250°C  or  higher.  These  phases  can  also  contain  small 
amounts  of  compatible  oxides  in  solid  solutions  created  during  the  calcining  or  sintering  process.  The 
resultant  ceramics  contain  the  zirconium  titanate  and  zirconia  phases  well  dispersed  with  the  predominant 
aluminum  titanate  phase.  The  resultant  ceramic  has  low  coefficient  of  thermal  expansion  to  at  least  1000°C, 

30  and  all  phases  maintain  high  temperature  phase  stabilities.  The  average  thermal  expansion  values  of  each 
pure  component  are  shown  in  Table  1  .  Although  the  additive  expansion  values  of  the  individual  components 
are  quite  high,  measured  values  of  composite  compositions  show  the  expansion  values  to  be  low,  even 
sometimes  negative.  This  is  attributed  to  the  microcracking  and  phase  behavior  of  the  three  compositions 
which,  when  combined,  lead  to  the  high  temperature/low  expansion  properties  as  described  herein. 

35  The  ceramic  composition  are  made  by  firing  at  a  temperature  of  1250°C  or  higher  a  starting  mixture  in 
the  proper  proportions  of  a  source  of  Zr02,  a  source  of  Ti02,  and  a  source  of  Al203.  The  starting  mixture 
prior  to  firing  comprises  at  least  the  stoichiometric  equivalent  of  50-90  volume  percent  AI2Ti05  or  a  solid 
solution  having  a  substantial  amount  of  AI2Ti05  in  the  solid  solution,  and  10-50  volume  percent  zirconium 
titanate.  By  this  we  mean  that  the  starting  mixture  can  either  be  (i)  prereacted  AI2Ti05  and  prereacted 

40  zirconium  titanate,  (ii)  prereacted  AI2Ti05  and  sources  of  Ti02  and  Zr02  to  form  zirconium  titanate,  or  (iii) 
prereacted  zirconium  titanate  and  sources  of  Al203  and  Ti02  to  form  AbTiCv 

The  stoichiometry  of  the  starting  zirconium  titanate  or  its  oxide  components  should  preferably  be 
approximately  1  Zr02  :  1  Ti02.  During  sintering,  some  excess  Zr02  is  precipitated  out  as  a  separate  phase, 
creating  one  of  a  series  of  complex  zirconium  titanates.  The  final  composite  contains  three  complex 

45  compositions  in  an  intimate  microstructure  which  gives  the  claimed  low  expansion/high  temperature 
properties. 

Brief  Description  of  the  Drawings 

50  Fig.  1  is  a  dilatometer  curve  for  a  composition  according  to  the  present  invention. 
Fig.  2  is  a  dilatometer  curve  for  another  composition  according  to  the  present  invention. 

Description  of  the  Specific  Embodiments 

55  Ceramic  compositions  have  been  developed  which  have  low  thermal  expansions  and  high  temperature 
phase  stability.  These  fired  ceramics  are  composites  consisting  of  three  phases  of  controlled  composition 
based  upon  processing.  Aluminum  titanate,  or  solid  solutions  thereof,  is  the  primary  phase  along  with 
zirconium  titanate  and  zirconia,  or  solid  solutions  thereof.  A  phase  is  defined  as  a  component  which  is 

4 
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physically  homogeneous  within  itself,  but  distinct  from  other  components.  In  this  case,  AbTiCfe,  ZrTiCU  and 
Zr02  would  each  be  one  phase  even  if  they  contained  small  amounts  of  compatible  elements  in  solid 
solution.  It  is  further  recognized  that  Zr02  can  exist  in  three  polymorphic  forms:  tetragonal,  monoclinic  and 
cubic.  These  are  distinguished  by  X-ray  diffraction,  although  the  similarity  of  cubic  and  tetragonal  forms 

5  makes  unambiguous  identification  difficult.  Recent  techniques  involving  Raman  spectroscopy  reduces  the 
ambiguity,  but  such  techniques  are  not  widely  available  in  the  industry.  The  high  temperature  tetragonal  and 
cubic  forms  of  Zr02  can  be  stabilized  by  adding  small  amounts  of  CaO,  Y2O3  or  MgO.  Such  additions 
retain  the  tetragonal  or  cubic  structures  below  their  normal  transformation  temperature,  and  this  is  known  in 
the  art  as  a  way  of  producing  toughened  ceramics.  Although  the  monoclinic  form  is  preferred,  the  presence 

10  of,  or  addition  of  excess,  cubic  or  tetragonal  forms  of  Zr02  do  not  depart  from  the  intent  of  this  invention. 
By  solid  solutions,  it  is  meant  that  small  amounts  of  other  elements  may  be  dissolved  in,  and 

structurally  become  a  part  of,  a  given  phase.  For  example,  Fe2  03may  go  into  AI2Ti05,  or  Ti02  into  Zr02,  to 
form  solid  solutions  during  calcining  or  sintering. 

In  order  for  solid  solution  to  occur,  the  solute  element  must  have  approximately  the  same  ionic  radius 
15  and  similar  (±1  valence)  atomic  charge  as  the  element  which  it  is  replacing.  Similarity  of  crystal  structures  is 

also  helpful  but  not  always  necessary.  For  example,  Fe  3,  with  a  radius  of  0,064  nm  (0.64  Angstroms), 
readily  goes  into  solid  solution  in  AI2Ti05  for  Al  3,  which  has  a  radius  of  0.050  nm  (0.50  Angstroms). 
Therefore,  other  elements  such  as  Cr  3  (radius  =  0,069  nm  (0.69  Angstroms))  and  Mg  2  (radius  =  0,065 
nm  (0.65  Angstroms))  can  also  be  expected  to  form  compatable  solutions  with  Al  3.  A  similar  case  could  be 

20  made  for  Si  4,  Zr  +,  etc.,  substituting  for  Ti  +.  It  is  postulated  that  small  amounts  of  foreign  elements  may 
diffuse  between  phases  during  sintering/calcining,  resulting  in  more  complex  solid  solutions  than  intended. 
The  overall  charge  balance  must  be  maintained,  regardless  of  substitutions.  The  product  remains  a  single 
phase  and  the  overall  crystallographic  structure  of  the  host  phase  is  maintained  although  some  properties 
such  as  melting  point,  thermal  expansion,  phase  stability,  etc,  may  be  changed. 

25  The  aluminum  titanate-zirconium  titanate-zirconia  composite  also  has  a  high  melting  point  (greater  than 
1600°C)  and  excellent  phase  stability  at  high  temperatures  and  under  cycling  conditions.  Stability  has  been 
demonstrated  in  oxidizing  atmospheres  at  temperatures  of  at  least  1000°C.  Such  properties  make  the 
described  materials  very  useful  for  high  temperature,  thermal  shock  applications.  A  specific  application  is 
monolithic  catalyst  supports. 

30  The  combination  of  aluminum  titanate-zirconium  titanate-zirconia,  or  their  solid  solutions,  to  form  a 
composite  ceramic  with  low  expansion  and  phase  stability  was  unexpected.  All  of  the  materials  have 
individual  thermal  expansions  higher  than  when  the  three  are  combined.  Furthermore,  the  difficulty  of 
preventing  the  decomposition  of  AI2Ti05  into  Al203  and  Ti02  between  approx.  800-1260°  C  is  well-known. 
Efforts  to  prevent  decomposition  by  deliberately  adding  stabilizers,  especially  MgO,  Fe203  and  rare  earths, 

35  are  well  documented  in  the  literature.  The  unexpected  low  expansion  and  excellent  high  temperature 
properties  of  the  composites  containing  aluminum  titanate,  zirconium  titanate  and  zirconia  are  the  result  of 
the  synergism  between  the  components  based  upon  their  crystal  chemical  properties  and  subsequent 
microstructures  and  this  is  the  essence  of  the  novelty  of  the  invention. 

The  compositions  according  to  the  present  invention  have  been  analyzed  for  thermal  expansion  at 
40  temperatures  from  24  °C  to  1500°C  by  using  an  Orton  Recording  Dilatometer.  Most  compositions  give  a 

dilatometer  trace  with  a  dip  beginning  between  400-900  °C  shown  as  Feature  A,  Fig.  1,  the  magnitude  of 
which  depends  upon  composition.  There  is  also  an  upward  inflection  in  the  slope  (Feature  B,  Fig.  1)  at 
greater  than  1100°C.  Compositions  containing  only  trace  amounts  of  zirconia  by  x-ray  diffraction  or 
compositions  containing  certain  amounts  or  types  of  additions  do  not  show  a  noticeable  dip  between  400- 

45  900  °  C. 
The  calculated  average  values  of  the  thermal  expansion  over  this  temperature  range,  alpha24.10oo°c> 

were  -1  to  +1.5x10_G  °C_1,  dependent  upon  the  amount  and  compositions  of  the  individual  phases.  Values 
were  determined  by  drawing  a  line  from  the  24  °C  to  the  1000°C  points  on  the  thermal  expansion  curve, 
and  using  the  formula: 

50 

a l p h a   1 Q 0   =  d e l t a   L  , n   xuuu  l  L  d e l t a   T 

55 
where 

delta  L  =  change  in  sample  length  over  delta  T 
delta  T  =  temperature  interval,  (1000-24  =  976  °C) 

o 
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L0  =  original  length  of  sample. 
This  is  illustrated  in  Fig.  1.  Such  low  thermal  expansion  values  were  unexpected  given  the  average  thermal 
expansion  values  of  the  constituent  phases  which  were  shown  by  x-ray  diffraction.  Thermal  expansion 
values  of  these  compounds  as  reported  in  the  literature  are  shown  in  Table  1  .  Since  thermal  expansions  are 

5  additive  relative  to  the  amount  of  the  component  present,  expansions  on  the  order  of  7.8-9.8x1  0_G  °  C_1 
could  be  expected  for  the  compositions  claimed  herein  if  no  unique  behavior  was  taking  place. 

Table  1 

10  Material  Average  alpha  Melting  Points,  °  C  Comments 
x10-6  oC-1 

AI2Ti05  (Aluminum  titanate)  10.2  1890  Average  of  3  crystallographic  expansions 
AIGSi2Oi  3  (Mullite)  5.3  1880 

75  ZrTiCU  (Zirconium  titanate)  5.8  1760 
Zr02  (monoclinic  zirconia)  8  greater  than  2500 

Processing  is  important  to  achieve  the  required  phase  compositions  and  microstructures  needed  to  give 
low  thermal  expansions  and  high  temperature  stability.  Starting  with  at  least  one  prereacted  aluminum 
titanate  or  zirconium  titanate  powder  is  the  method  for  achieving  the  proper  balance  of  composition  and 
microstructure.  The  zirconium  titanate  should  be  approximately  1  Zr02:1  Ti02  such  that  during  sintering, 
some  Zr02  may  precipitate  out  or  otherwise  be  present  as  excess  Zr02.  The  range  of  compositions 
expressed  by  ZrTh  +x04+2x,  where  0^x<1,  are  the  preferred  range  of  starting  stoichiometries.  The  addition 
of  excess  starting  Zr02  can  also  give  the  desired  phase  assemblages  and  subsequent  beneficial  properties 
claimed.  This  Zr02  may  contain  Ti02  in  solid  solution.  The  resultant  zirconium  titanate  will  be  one  of  a 
series  of  complex  stoichiometries  similar  to  those  observed  by  McHale  and  Roth  (1986)  in  their  recent 
study  of  ZrTiCv 

The  aluminum  titanate-zirconium  titanate-zirconia  compositions  claimed  herein  may  be  produced  by  a 
wide  variety  of  processing  techniques.  The  starting  ratios  of  ZrTiO^AbTiCfe,  or  their  solid  solutions,  should 
be  controlled  if  the  favorable  high  temperature  properties  are  to  be  achieved.  The  starting  mixture  prior  to 
firing  has  to  maintain  the  proper  proportions  of  starting  materials  so  as  to  comprise  the  equivalent  of  50-90 
vol%  AI2Ti05  phase  and  the  remainder  50-10  vol%  zirconium  titanate. 

The  preparation  route  entails  the  prereaction  of  at  least  one  of  the  titanates.  That  is,  AI2Ti05  prepared 
by  sintering  1:1  molar  ratios  of  Al203  and  TiCfe,  and/or  ZrTiCU  prepared  by  sintering  approximately  1:1 
molar  ratios  of  Zr02  and  Ti02  powders.  In  practice,  a  Zr02:Ti02  stoichiometry  where  Zr02  is  in  excess  of  1 
Zr02:2  Ti02  can  create  the  excess  Zr02  required  to  produce  the  desired  three-phase  ceramic  composition 
claimed  in  this  invention.  The  prereacted  titanate  powders,  or  one  prereacted  titanate  and  the  appropriate 
amounts  of  oxides  to  form  the  second,  can  then  be  milled/mixed  together,  formed  into  a  batch  and  fired  at 
temperatures  of  1250°  C  or  higher  to  form  the  ceramic. 

Small  quantities  of  additives,  such  as  Si02  or  Fe203,  may  be  added  as  a  component  to  aluminum 
titanate  in  any  of  the  routes  described  above.  Such  additives  maintain  the  properties  of  the  AbTiCfe,  and  it 
is  found  that  1  to  5  mole%  additions  of,  for  example,  Si02,  Fe203  or  mixtures  thereof  are  advantageous.  In 
addition,  during  calcining  or  sintering,  there  can  be  cation  diffusion  among  components  such  that  small 
amounts  of  Zr02  may  go  into  solution  in  AI2Ti05  .imparting  beneficial  properties. 

Synthesis  attempts  have  indicated  that  the  benefit  of  low  thermal  expansions  is  only  possible  if  the 
starting  Zr02  powder  particle  size  is  large  enough.  This  Zr02  powder  can  either  be  used  to  make  the 
prereacted  aluminum  titanate  or  zirconium  titanate  or  it  can  be  added  as  a  separate  component.  Thus,  a 
fine  unstabilized  (monoclinic)  Zr02  powder  with  0.1  micrometer  particle  size  (Zircar  ZYP)  gave  a  fired 
product  whose  thermal  expansion  was  1.3  x  10_G°C_1,  while  an  identical  composition  made  using  a  5.1 
micrometer  grain  size  Zr02  (TAM  Zirox  250)  gave  a  thermal  expansion  of  -0.1  x  10_G  °C_1.  This  illustrates 
the  necessity  of  optimizing  microstructure  as  well  as  phase  composition  during  processing  to  achieve  the 
desired  final  ceramic. 

It  is  further  recognized  that  the  compositions  claimed  herein  may  be  produced  by  other  chemical 
means  if  the  proper  starting  stoichiometrics  are  maintained.  Wet  chemical  methods  may  be  utilized  to 
prepare  aluminum  titanate-zirconium  titanate-zirconia  composite  powders  or  their  precursors  by  precipitation 
or  sol  gel  chemistry.  Co-precipitation  or  chemically  coated  particles  also  provide  methods  for  preparing  the 
required  compositions,  or  their  precursors  which,  upon  calcining  or  sintering,  will  yield  the  required 
compositions  and  corresponding  microstructures. 
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The  preparation  of  powders  for  one  or  more  component  of  the  composite  using  melt-processing  is 
recognized.  The  formation  of  a  constituent  phase  or  precursor  phase  from  the  liquid  state  can  achieve  a 
desired  composition  and/or  an  advantageous  microstructure.  The  formation  of  materials  with  chemical 
homogeneity  and  well-developed  microstructures  is  possible  using  materials  derived  from  liquid  melt 

5  processing  techniques. 
Microstructures  which  result  from  the  firing  of  the  compositions  described  herein  contain  predominant 

aluminum  titanate  along  with  dispersed  zirconia  and  zirconium  titanate.  The  aluminum  titanate  grains  vary 
from  irregularly  rounded  to  elongate  in  shape.  The  majority  of  grain  sizes  range  between  3-20  urn 
(microns).  Zirconium  titanate  grains  range  from  irregular  to  rounded  in  shape,  and  the  majority  of  grain  sizes 

io  range  between  2-10  urn  (microns).  Zirconia  grains  range  from  irregular  to  rounded  in  shape,  with  the 
majority  of  grains  ranging  between  1-15  urn  (microns).  Agglomerates  of  zirconia  and/or  zirconium  titanate 
grains  were  observed.  Throughout  the  aluminum  titanate-zirconium  titanate-zirconia  composite  microstruc- 
ture  are  usually  seen  an  abundance  of  dispersed  microcracks  of  variable  size.  Dispersed  porosity  may  or 
may  not  be  present,  depending  upon  the  processing  method. 

is  The  average  particle  sizes  of  starting  powders  used  to  describe  these  compositions  ranged  between 
0.5-3.0  urn  (microns)  which  is  a  reflection  of  available  commercial  materials.  The  prereacted  aluminum 
titanates  and  zirconium  titanates  were  milled  to  average  particle  sizes  between  1.5-5  urn  (microns). 
However,  additional  variations  in  parameters  such  as  particle  sizes  of  starting  materials,  firing  times  and 
temperatures  etc.  which  may  influence  the  final  microstructure  with  respect  to  absolute  or  relative  grain 

20  sizes,  distribution  of  phases,  changes  in  porosity,  alteration  of  microcracking,  behavior,  etc.,  are  well  known 
and  apparent  to  those  skilled  in  the  art. 

Although  an  explanation  of  the  mechanism  for  low  expansion  and  phase  stability  of  the  ceramics  is  not 
clearly  understood,  the  following  is  suggested  as  a  possible  way  to  explain  what  is  occurring.  The  solid 
solution  of  Si02,  Fe2  03  and/or  Zr02  into  AbTiCfe  is  believed  responsible  for  its  phase  stability  as  well  as 

25  controlled  microcracking  behavior  due  to  the  reduction  in  crystal  anisotropy.  It  is  acknowledged  that  rare 
earths,  MgO,  BaO,  CaO,  and  other  oxides  discussed  in  the  Description  of  the  Prior  Art  section  could  also 
produce  some  beneficial  effects.  However,  they  appear  to  be  less  effective  in  the  compositions  described 
by  this  invention.  Zirconium  titanate,  also  thought  to  be  a  microcracker,  is  believed  to  exsolve,  or  "kick  out", 
some  Zr02  during  sintering  and  the  Zr02,  in  turn,  contains  some  Ti02  in  solid  solution.  The  presence  of  the 

30  Ti02  in  Zr02  causes  the  monoclinic  to  tetragonal  phase  transformation  of  Zr02  to  occur  at  a  lower 
temperature  (e.g.  400-900  °C.)  than  that  of  pure  Zr02  (about  1100°C).  The  synergism  of  two  microcracking 
phases  plus  a  contractive  phase  transformation,  is  thought  to  create  a  population  of  cracks  and  voids  into 
which  the  components  may  expand  on  a  microscopic  scale,  thereby  creating  an  overall  low  macroscopic 
thermal  expansion. 

35  This  possible  explanation  is  not  to  be  considered  as  limiting  the  scope  and  spirit  of  the  present 
invention  as  defined  in  the  claims. 

Having  described  the  basic  aspects  of  our  invention,  the  following  examples  are  given  to  illustrate 
specific  embodiments  thereof. 

40  Example  1 

This  example  illustrates  the  preferred  method  of  preparing  the  ceramic  compositions  described  herein. 
A  series  of  compositions  whose  constituents  and  firing  conditions  are  shown  in  Table  2  were  prepared. 
Samples  were  prepared  by  mixing  the  components  of  the  AI2Ti05  as  shown,  milling  in  a  Spex  Mill  for  30 

45  minutes  and  pre-reacting  the  constituents  at  1500-1  550  °C.  The  resultant  fired  piece  was  then  crushed  and 
ground  to  a  fine  (2-5  urn  (micron))  average  particle  size.  The  zirconium  titanate  powder  (3  urn  (micron))  was 
made  in  a  batch  by  adding  Zr02  and  Ti02  in  1:1  molar  ratios,  and  preparing  a  pre-reacted  powder  in  the 
same  way  described  for  AI2Ti05.  Each  AI2Ti05  powder  was  then  mixed  with  the  quantity  of  zirconium 
titanate  powder  noted  in  Table  2,  milled  30-60  minutes  in  a  Spex  Mill,  and  the  product  pressed  to  a  pellet. 

50  Pellets  were  sintered  2  hours  at  1550°  C. 

55 
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Properties  of  the  sintered  pieces  were  determined. 
Samples  were  then  cycled  using  a  microprocessor-controlled  bottom-loading  Teresco  kiln.  The  kiln  was 

programmed  to  do  continuous  cycling  according  to  the  following  scheme.  In  one  cycle  there  was  a  heat-up 
from  200  °C  to  1000°C  which  took  10  minutes.  The  composition  was  held  at  1000°C  for  5  minutes  after 

55  which  it  was  rapidly  air  cooled  to  200°  C  where  it  was  held  for  13  minutes.  Then  the  cycle  repeated. 
Samples  were  evaluated  before  and  after  300  cycles  to  determine  whether  any  significant  property  and 

phase  changes  occurred.  Bulk  densities  were  determined  using  the  Archimedes  (water  displacement) 
method.  Skeletal  densities  were  determined  using  an  automated  Quantachrome  Corp.  Pentapycnometer 
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Helium  Pycnometer.  Open  porosity  was  determined  by  water  intrusion  techniques.  X-ray  diffraction  was 
performed  on  powdered  specimens  mounted  in  trays.  Samples  were  run  4-80°  2  6  at  2°  2  e/min.  using  Ni- 
filtered  CuKa|pha  radiation.  Data  was  plotted  at  constant  scales  to  allow  comparison.  The  results  are  shown  in 
Table  3. 
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The  region  between  30-45°  2  0  was  printed  at  a  constant  vertical  scale  to  determine  whether  any 
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changes  occurred  in  peak  heights  or  decomposition  products.  The  standard  data  utilized  were  those 
evaluated  and  published  by  the  ASTM  Joint  Committee  on  Powder  Diffraction  Standards  (JCPDS).  These 
data  are  routinely  used  as  standard  X-ray  diffraction  references  in  all  phases  of  academic,  commercial  and 
private  research,  and  are  generally  regarded  to  be  very  reliable.  The  peaks  used  for  reference  were  as 

5  follows: 

Component  (hkl)  l/lo  JCPDS# 

AI2O3  (corundum)  113  100  10-173 
ZrTiO*  111  100  7-290 
monoclinic  Zr02  111  65  13-307 
Ti02  (rutile)  101  50  21-1276 
AI2Ti05  023  64  26-40 

The  test  for  decomposition  was  to  compare  the  X-ray  diffraction  patterns  of  as-sintered  samples  and 
samples  cycled  300  times.  The  absence  of  increased  Al203  or  Ti02  peak  intensities  after  300  cycles,  as 
well  as  no  significant  changes  in  AbTiCfe  peak  intensities,  indicated  a  lack  of  decomposition  due  to  cycling. 
The  introduction  of  Al203  contaminents  due  to  milling  in  an  Al203  jar  were  thus  taken  into  account,  since 
neither  the  Al203  or  AbTiCfe  peak  intensities  would  change  after  cycling  if  no  decomposition  occurred. 

Compositions  1-5  in  Table  2  showed  no  changes  in  AbTiCfe  or  Al203  (traces  in  uncycled  Sample  No.  1) 
peak  intensities  after  300  cycles.  In  addition,  no  rutile  or  other  titanium  dioxides  were  noted  in  any  X-ray 
results,  indicating  there  was  no  AbTiCfe  phase  decomposition.  Furthermore,  no  significant  differences  in 
peak  heights  were  observed  with  Zr02  or  ZrTiCU  as  a  result  of  cycling.  Small  differences  in  densities  and 
porosities  may  be  attributed  to  experimental  error  since  samples  used  for  cycling  were  small  (0.5-2.0  cm3). 

The  lack  of  physical  growth  with  cycling  is  an  important  factor  since  monolithic  catalyst  supports  must 
have  minimal  growth  to  prevent  this  bursting  of  their  metal  containers  in  the  exhaust  system.  A  goal  of  1.5% 
is  difficult  to  achieve  with  microcracking  ceramics  such  as  mullite-aluminum  titanate  in  the  described 
cycling  environment.  However,  compositions  in  this  example  in  bar  form  did  not  exceed  0.5%  growth. 

Example  2 

This  example  shows  the  presence  of  minor  additives  do  not  effect  the  overall  properties  of  the  final 
composite  ceramic. 

A  batch  of  iron  stabilized  AI2TiOs  was  made  by  mixing  2.3208  g.  Alcoa  AI6SG  Al203,  1.9997  g.  Baker 
Reagent  Ti02  (2  urn  (micron)),  and  0.1600  g.  MCB  reagent  Fe203.  The  mixture  was  fired  at  1450°  C  for  1 
hr.  and  then  re-milled  to  a  fine  powder  (3-5  urn  (micron)).  A  batch  of  zirconium  titanate  was  made  by  mixing 
0.9501  g.  Baker  Reagent  Ti02  and  1.4239  g.  TAM  98%  Zr02  powders.  The  mixture  was  fired  at  1450°C  for 
1  hr.  and  then  re-milled  to  a  fine  powder  (3-5  urn  (micron)).  Then  4.2541  g.  of  prereacted  AbTiCfe  powder 
and  2.3740  g.  of  the  prereacted  zirconium  titanate  were  mixed  together,  pressed  into  a  pellet  and  fired  at 
1550°C  for  2  hrs. 

The  thermal  expansion  curve  was  obtained  as  previously  described.  Its  coefficient  of  thermal  expansion, 
alpha24.10oo°c>  is  1.2x10_G  °C_1.  The  curve  does  not  contain  the  drop  in  the  curve  between  400-900  °C,  but 
nonetheless  maintains  a  low  thermal  expansion  value.  The  curve  of  this  example,  compared  with  that  of 
Composition  2,  Table  2,  Example  1,  are  shown  in  Fig.  2. 

Example  3 

This  example  shows  that  high  ZrTiCU  contents  do  not  adversely  affect  the  physical  properties  and 
thermal  expansion. 

A  mixture  of  5.0800  g.  ZrTiO+  and  6.1204  g.  AI2Ti05  (with  2  mol%  Si02  stabilizer)  powders  was  milled 
in  an  Al203  jar  in  a  Spex  mill  for  30  minutes.  Average  particle  size  was  less  than  3.5  urn  (microns).  A 
portion  of  the  powder  was  pressed  into  a  pellet  of  2,86  cm  (1  1/8")  diameter  using  mineral  oil  as  a  binder. 
The  pellet  was  then  fired  in  the  Lindbergh  box  furnace  for  2  hours  at  1550°C  in  air.  Properties  are  shown 
below: 

10 
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bulk  density,  g/cm3:  3.72 
skeletal  density,  g/cm3:  4.19 
Open  Porosity,  %:  10.5 
alpha24-iooo°c,  x10-G  °C-1:  0.72 

5 

The  dilatometer  curve  showed  an  obvious  downturn  beginning  at  440  °  C,  and  an  upward  inflection  at 
1150°C.  X-ray  diffraction  showed  the  major  phases  were  aluminum  titanate  and  zirconium  titanate,  along 
with  a  minor  phase  of  monoclinic  zirconia.  No  other  phases  were  observed  within  the  limits  of  X-ray 

io  diffraction. 
The  microstructure  consisted  of  a  predominant  aluminum  titanate  phase  consisting  of  irregular  to 

elongate  grains.  The  majority  ranged  between  3-10  urn  (microns).  Abundant,  irregular  zirconium  titanate  and 
zirconia  grains  were  dispersed  throughout  the  microstructure,  and  ranged  from  2-18  urn  (microns). 
Microcracks  were  observed. 

15 
Example  4 

This  example  describes  producing  ceramic  tubes  with  the  composition  according  to  this  invention. 
An  AI2Ti05  solid  solution  composition  consisting  of  15.1500  g.  Alcoa  AI6SG  alpha-AI203,  11.5497  g. 

20  Dupont  TiPure,  Ti02,  0.2708  g.  Davison  Syloid  Si02  and  0.5098  g.  Dynamit-Nobel  Zr02  powders  were 
milled  in  a  Spex  Mill  into  an  intimate  mixture  with  a  fine  (1  .5  urn  (micron))  particle  size.  To  this  mixture  was 
added  6.5999  g  pre-reacted  stoichiometric  ZrTiO  ̂ powder.  The  mixture  was  wet  ball-milled  for  30  minutes, 
filtered  and  dried.  An  extrusion  formula  was  made,  as  follows: 

16.89  g.  Powder  Mixture 
0.20  g.  Polyethylene  FD  60018  Polymer 
0.60  g.  Gulf  Mineral  Oil 
0.20  g.  Zinc  Stearate  (J.T.  Baker  Co.) 

30 
A  laboratory  scale  warm  extruder  was  made  by  modifying  a  melt-indexer  and  filling  it  with  a  die  for 

forming  a  tube.  The  formulation  above  was  fed  through  the  extruder  at  150°C  at  least  four  times,  after 
which  an  extrusion  run  was  made,  The  extrudate  was  fed  into  a  container  of  water  to  quench  it.  Ceramic 
tubes  of  excellent  consistency  were  extruded  and  baked  out  at  105°  C  for  10  hours.  Weight  losses  of  14- 

35  23.5%  were  recorded  for  the  series  of  extruded  tubes.  Samples  sintered  at  1450°C  for  2  hours  had  a  bulk 
density  of  3.07  g/cm3,  a  skeletal  density  of  3.86  g/cm3,  and  23%  open  porosity  (by  water  intrusion  method). 
The  thermal  expansion,  alpha24.10oo°c  was  0.6  x  10_G  °C_1.  X-ray  diffraction  showed  the  primary  phase  to 
be  AI2Ti05  with  approximately  equal  volumes  of  the  minor  phases  ZrTiO  ̂ and  monoclinic  Zr02.  The  interior 
microstructures  of  these  tubes  were  very  porous,  and  the  majority  of  grain  sizes  were  between  3-8  urn 

40  (microns).  The  exteriors  of  the  tubes  had  very  rounded,  intergrown  grains  whose  boundaries  were  difficult  to 
distinguish. 

Example  5 

45  This  example  compares  the  product  made  by  the  present  invention  with  a  prior  art  composition. 
L.  M.  Silich  et  al  describe  various  ceramic  compositions  made  of  Zr02  and  aluminum  titanate  in  an 

article  "Effect  of  Zr02  on  the  Formation  of  Aluminum  Titanate"  in  Steklo,  Sitally  i  Silikaty,  Volume  13,  pages 
110-14  (1984).  We  duplicated  one  of  their  compositions  containing  15  wt%  Zr02  in  AI2Ti05  as  follows. 

The  article  of  Silich  et  al  did  not  give  a  fully  detailed  recipe  of  their  synthesis.  However,  adequate 
50  information  was  given  so  that  one  skilled  in  the  art  could  confidently  synthesize  samples  which  gave 

properties  very  close  to  those  reported.  Thus,  while  heating  rates  weren't  given,  sintering  conditions  were 
described.  Furthermore,  while  exact  powders  and  particle  sizes  weren't  given,  the  use  of  oxides  was  noted. 
This  is  explainable  by  the  fact  that  the  study  was  designed  to  determine  the  effects  of  Zr02  on  AI2Ti05  and 
was  not  an  attempt  to  stabilize  a  new  ceramic  material  and  document  the  properties. 

55  In  an  attempt  to  replicate  the  method  of  Silich  et  al,  dry  powders  consisting  of  5.1003  g.  Alcoa  AI6SG 
Al203,  3.2000  g.  Baker  Reagent  Grade  Ti02  (Rutile),  and  1.2307  g.  Zircar  unstabilized  (monoclinic)  Zr02 
were  weighed  out.  The  powders  were  mixed  for  0.5  hr.  in  an  Al203  jar  in  a  Spex  Mill,  pressed  into  discs  on 
a  Carver  Press,  and  sintered  2  hrs/1500°C  in  air.  The  product  had  a  bulk  density  of  3.17  g/cm3,  17%  open 
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porosity  and  a  thermal  expansion  alpha24-iooo°c  =  -0.7x10_G  °C_1.  X-ray  diffraction  showed  AbTiCfe  was  the 
major  phase,  along  with  minor  Zr02  and  ZrTiCU,  as  well  as  a  trace  of  Al203. 

The  sample  described  was  heated  to  1200°  C  for  4  hours,  simulating  the  decomposition  test  of  Silich,  et 
al.  A  sample  of  the  claimed  AbTiCfe-ZrTiCU  with  an  equivalent  of  18  wt%  Zr02  (sample  #3-Table  2, 

5  Example  1)  was  also  tested  for  comparison.  Portions  of  each  sample  were  removed  at  2  hours  to  monitor 
decomposition  progress. 

X-ray  diffraction  results  show  the  AbTiCfe  in  the  replicated  sample  of  Silich  et  al  underwent  severe 
decomposition  to  Al203  and  Ti02  at  2  hours.  AbTiCfe  almost  totally  disappeared  by  4  hours  at  1200°  C,  with 
corresponding  increases  in  the  Al203  and  Ti02  peaks,  as  described  by  Silich  et  al.  The  ZrTiCU  phase 

io  apparently  also  underwent  decomposition,  but  the  Zr02  did  not  appear  affected.  By  contrast,  the  sample 
described  in  Example  1  shows  no  appreciable  changes  in  the  intensities  of  the  AbTiCfe  or  ZrTiCU  peaks, 
and  no  progressive  increase  in  Al203  or  Ti02,  indicating  lack  of  decomposition. 

To  further  illustrate  the  deliterious  effects  of  decomposition  on  thermal  shock,  a  bar  made  from  the 
same  replicated  Silich  et  al's  method  and  exposed  at  1200°C/4  hrs.  was  run  on  the  dilatometer  to 

is  determine  thermal  expansion  as  described  in  a  previous  section.  The  expansion  prior  to  the  1200°C 
exposure  was  alpha24.10oo°c  =  -0.7x10_G  °  C_1.  However,  after  exposure,  the  expansion  increased  to 
alpha24.10oo°c  =  8.4x1  0_G  °C_1.  This  value  is  reasonable  given  the  high  expansions  of  the  Al203  and  Ti02 
decomposition  products  (8.8  and  7.5x1  0_G  °C_1,  respectively). 

This  example  illustrates  the  superior  high  temperature  phase  stability  and  corresponding  long-term  low 
20  thermal  expansion  behavior  of  the  AbTiCfe-zirconium  titanate-zirconia  materials  claimed  herein.  Their 

excellent  performance  relative  to  similar  materials  described  in  the  literature  underscores  the  uniqueness  of 
their  final  properties  and  preparation. 

Example  6 

Electron  microprobe  analyses  were  performed  on  a  range  of  aluminum  titanate-zirconium  titanate- 
zirconia  composites  and  a  sample  reproducing  the  work  of  Silich,  et  al.  Standardized  wavelength  dispersive 
analyses  were  done  using  a  Cameca  Camebax  Automated  Three  Spectrometer  Microprobe.  Beam  con- 
ditions  were  25  nanoamps/20KV.  Analyses  were  obtained  from  a  one  urn  (micron)  volume,  and  count  time 

30  was  10  seconds  per  point.  Standards  used  were: 
Zircon  (NBS  standard)  for  Zr,  Si  (Zr  =  45.02  wt%,  Si  =  17.67  wt%) 
Aluminum  Titanate  (synthetic)  for  Al,  Ti  (Al  =  29.20  wt%,  Ti  =  25.36  wt%) 

Accuracy  was  ±1%  for  Al,  Ti  and  ±3%  for  Zr,  Si.  All  analyses  were  corrected  by  ZAF  and  other  standard 
software  programs.  Mass  balances  varied  between  samples  as  a  function  of  aging  of  the  tungsten  filament. 

35  The  four  samples  analyzed  were  as  follows: 
A.  starting  composition  of  15  vol%  ZrTiCU  -  balance  AbTiCfe  (with  2  mol%  Si02  stabilizer)- 
:synthesis/sintering  similar  to  Composition  2  -  Table  1  . 
B.  starting  composition  of  25  vol%  ZrTiCU  -  balance  balance  AbTiCfe  (with  2  mol%  Si02  stabilizer):hot 
pressed  and  annealed  at  1500°C 

40  C.  starting  composition  of  50  vol%  ZrTiCU  -  balance  AbTiCfe  (with  2  mol%  Si02stabilizer)- 
:synthesis/sintering  similar  to  Composition  4,  Table  1 
D.  AI2Ti05-Zr02  composition  following  the  work  of  Silich,  et  al,  as  described  in  Example  5. 
Typical  point  analyses  are  shown  in  Table  4. 

45 

50 

55 
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For  the  three  aluminum  titanate-zirconium  titanate-zirconia  composites,  there  is  a  striking  homogeneity  of 
the  minor  components  Zr02  and  Si02  within  the  aluminum  titanate  phase.  Within  a  sample,  and  within  the 

55  range  of  compositions  claimed,  analysis  show  ZrCfe  stayed  within  a  narrow  range  of  about  1.5-2.0  wt%, 
while  the  Si02  range  was  about  0.3-1.0  wt%.  AI2O3  and  TiCfe  analyses  were  also  comparable  within  the 
accuracies  of  the  technique. 

The  phase  analyses  of  the  AbTiCfe-ZrCfe  composition  replicating  Silich  et  al  did  not  show  the 
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homegeneity  within  the  AbTiCfe  described  above.  Zr02  varied  widely  from  2.6  to  23.1  wt%  with  significant 
fluctuations  also  noted  within  the  AI2O3  and  TiCfe  values.  The  Si02  analyses  were  constant,  but  the  only 
Si02  present  was  from  the  ZrCfe  starting  materials  and  processing  so  this  was  expected. 

Comparison  of  microstructures  shows  the  composition  replicating  the  Soviet  work  of  Silich  et  al,  has 
5  irregular,  intergrown  AbTiCfe  grains.  The  grains  show  less  definition  and  are  somewhat  smaller  than  those  of 

the  claimed  composites  (approx.  5-7  urn  (microns)  versus  7-10  urn  (microns),  respectively.  Zirconia-bearing 
phases  tended  to  be  smaller  (1-3  urn  (microns))  and  more  rounded  than  their  counterparts  in  the  claimed 
compositions  where  the  more  angular  grains  averaged  5-10  urn  (microns),  depending  upon  the  processing. 

A  comparison  of  the  claimed  aluminum  titanate-zirconium  titanate-zirconia  composites  to  those  com- 
10  positions  of  Silich,  et  al  show  significant  differences  on  a  microscopic  scale.  The  chemical  homogeneity  of 

the  critical  aluminum  titanate  phase  within  the  range  of  claimed  compositions  is,  along  with  the  resultant 
microstructure,  a  product  of  ceramic  processing  of  the  proper  starting  materials  in  the  proper  preferred 
AbTiC^ZrTiCU  proportions.  The  different  microchemical  properties,  microstructures  and  clearly  inferior 
stability  /high  temperature  properties  achieved  by  simply  mixing  AbTiCfe  and  ZrCfe  attest  to  the  unobvious 

15  nature  of  the  claimed  compositions. 

Example  7 

This  example  characterizes  and  illustrates  the  superior,  high  tempeature  properties  of  two  25  vol% 
20  ZrTiCvAbTiCfe  starting  compositions  in  which  Fe203  additives  to  the  AbTiCfe  were  used.  The  two 

compositions,  whose  constituents  are  listed  below,  were  identical  except  for  the  amount  of  Fe2  03  present  in 
the  AI2Ti05. 

Composition  AI6SGAI2O3  MCB  Reagent  Fe203  Baker  Reagent  Ti02 

A  4.9453  g.  0.2403  g.  4.0000  g. 
B  15.5404  g.  1.0700  g.  13.3903  g. 

In  each  case,  powders  were  milled  for  0.5  hours  in  a  Spex  Mill  prior  to  firing  the  powders  at  1450°  C  for 
2  hours  in  air.  The  resultant  pre-reacted  powders  were  Spex  Milled  for  }\  hours  to  fine  particle  sizes 
(composition  A  was  2.7  urn  (micron)  and  B  was  4.5  urn  (micron)). 

Portions  of  each  powder  weighing  4.500  g  were  then  mixed  with  2.000  g  portions  of  stoichiometric 
ZrTiCU  powder.  Each  mixture  was  then  Spex  Milled  for  i  hour,  and  the  resultant  powders  pressed  into  3,175 
cm  (H")  diameter  pellets  at  690  x  105  Pa  (10,000  psi)  in  a  Carver  Press.  Sintering  was  done  at  1500°C  in 
air  for  2  hours,  using  heating/cooling  rates  of  12.3°  /minute.  The  two  compositions  were  then  cycled  using 
the  test  protocol  described  in  Ex.  1,  except  the  hold  temperature  was  1150°C  rather  than  1000°C.  Fresh 
and  cycled  samples  were  characterized  for  thermal  expansion  and  phase  stability,  with  the  results  as 
follows: 

40 
Composition  Fresh  a24-1  000  0  C  Cycled  a24-1  000  0  C  XRD  Differences  Between  Fresh  and  Cycled 

A  1  .2  1  .5  Slight  traces  of  AI2O3  &  Ti02 
B  0.6  1  .5  No  traces  of  Al203  &  Ti02 

45 
Sample  B  was  also  subjected  to  a  50  hour  isothermal  heat-soak  at  1150°  C  to  determine  whether  long-term 
exposures  would  accelerate  decomposition.  After  the  test,  the  XRD  pattern  was  free  of  AI2O3  and  TiCfe 
decomposition  products,  and  there  were  no  XRD  differences  from  the  starting  material.  The  thermal 
expansion  changed  from  0.6  to  1.2x10_G  °C_1  after  the  50  hour/11  50  °C  soak. 

50  Electron  microprobe  analyses  were  performed  on  the  two  samples  to  confirm  the  presence  of  solid 
solutions  in  the  AbTiCfe  phase.  All  microprobe  conditions  and  standards  were  identical  to  those  described  in 
Example  6,  except  an  additional  standard  for  iron  in  the  form  of  andradite  garnet  (Ca  =  23.8,  Fe  =  21.9, 
Si  =  16.4  wt%)  was  used.  As  shown  in  Table  5,  the  Fe203  goes  into  solid  solution  as  expected  with 
concentrations  being  very  consistent  between  grains  in  each  sample.  There  are  also  traces  of  ZrCfe  present. 

55 
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Example  8 

This  example  shows  the  effects  of  adding  excess  zirconia  to  a  prereacted  mixture  of  zirconium  titanate- 
aluminum  titanate. 

55  5.4996  g.  of  a  fire  powder  (5  urn  (micron)  particle  size)  consisting  of  pre-reacted  25  volume  % 
zirconium  titanate  -  75  volume  %  aluminum  titanate  (2  mole  %  silica  stabilizer)  was  mixed  with  0.5007  g. 
Dynamit-Nobel  Zr02  (partially  stabilized  with  5  mole  %  Y2O3;  0.5  urn  (micron  particle  size)  in  a  Spex  Mill 
for  30  minutes.  The  resultant  mixture  was  pressed  at  10,000  psi  in  a  Carver  Press  and  the  pellet  fired  to 
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1550°  C  at  8.6°  /minute,  kept  at  1550°  C  for  2  hours,  and  then  cooled  to  ambient  in  2  hours.  X-ray  diffraction 
showed  the  product  contained  primarily  AbTiCfe,  along  with  lesser  amounts  of  zirconium  titanate,  and  both 
monoclinic  and  tetragonal  Zr02.  Skeletal  density  by  helium  pycnometry  was  4.16  g/cm3.  Coefficient  of 
thermal  expansion  as  determined  using  the  method  shown  in  Figure  1,  was  -0.3x1  0_G  °C_1.  Therefore,  the 

5  addition  of  excess  partially-stabilized  Zr02  has  no  detrimental  effects  on  the  final  ceramic  body  which  gives 
a  similar  phase  assemblage  by  x-ray  diffraction  and  low  thermal  expansion  as  those  where  no  excess  Zr02 
is  added.  It  is  acknowledged  that  such  additions  may  influence  strength  or  toughness  properties.  The 
presence  of  excess  unstabilized  zirconia  would  result  in  similar  properties  and  would  therefore,  not  depart 
from  the  scope  of  this  invention. 

10 
Example  9 

This  example  discloses  the  extrudability  of  a  zirconium  titanate-aluminum  titanate  powder  into  a 
honeycomb  shape. 

is  A  charge  was  made  consisting  of  200  g.  Dow  Chemical  Co.  methylcellulose  and  4800  g.  of  fine  (5  urn 
(micron)  particle  size)  ceramic  powder.  The  ceramic  powder  was  made  using  the  technique  and  proportion- 
ately  scaled-up  constituents  described  as  composition  2,  Table  2,  Example  1  .  The  powder  consisted  of  25 
volume  %  zirconium  titante  -  75  volume  %  aluminum  titanate  (silica  stabilized).  Batches  of  627  g.  powder 
were  then  each  mixed  with  120  g.  distilled  water  in  a  sigma  blade  mixer  until  the  batch  had  an  even,  tacky 

20  consistency.  Batches  were  combined  and  charged  into  a  Loomis  40  ton  press  with  a  6,67  cm  (2  5/8  inch) 
diameter  ram  extruder.  The  charge  was  forced  through  a  die  consisting  of  0,635  cm  (1/4")  holes  ("spaghetti 
die")  several  times  to  produce  strands.  These  strands  were  then  re-charged  into  the  extruder  and  forced 
through  a  honeycomb  die  at  1-3  tons  pressure.  The  honeycomb  extrudate  was  rapidly  removed  to  a 
microwave  oven  where  it  was  dried  for  15-20  minutes.  The  dried  extrudate  was  then  fired  as  follows:  to 

25  400  °C  at  3°/min.,  held  2  hrs.  at  400  °C,  heated  to  1500°C  at  4.6°/min.,  held  at  1500°C  for  1  hour,  and 
cooled  to  ambient  in  2  hours.  The  product  was  a  monolithic  ceramic  with  a  honeycomb  cross-section 
containing  approximately  484  square  cells/6,45  cm2  (square  inch).  X-ray  diffraction  showed  the  product  to 
be  aluminum  titanate,  zirconium  titante  and  zirconia. 

Microstructures  showed  irregular  to  elongated  AbTiCfe  grains,  the  majority  of  which  ranged  between  3- 
30  10  urn  (microns).  There  was  some  evidence  of  grain  orientation  in  the  extrusion  direction.  Zirconium  titanate 

and  zirconia  grains  were  angular  to  rounded,  and  the  majority  ranged  between  1-5  urn  (microns).  The 
zirconia  phases  were  distributed  throughout  the  microstructure  as  discreet  grains  or  agglomerates. 

Claims 
35 

1.  A  ceramic  composition  comprising  a  predominant  AbTiCfe  phase  along  with  zirconium  titanate  and 
zirconia  phases,  characterized  in  that  the  final  overall  ceramic  composition  has  a  low  thermal  expansion 
coefficient  between  24  and  1000°C  of  not  greater  than  1.5  x  10_G  °C_1  and  a  thermal  stability  in  air 
such  that  (a)  upon  heating  at  1200°C  for  at  least  4  hours  there  is  substantially  no  decomposition  of  the 

40  AI2Ti05  phase  to  rutile  or  alumina  as  measured  by  X-ray  diffraction,  (b)  physical  growth  after  thermal 
cycling  between  200  and  1150°C  for  300  cycles  does  not  exceed  1.5%,  and  (c)  the  composition 
maintains  a  low  average  thermal  expansion  coefficient  between  24  and  1000°C  of  not  greater  than  1.5 
x  10_GoC_1  after  the  isothermal  heating  at  1200°C  for  at  least  4  hours  or  cycling  conditions,  the 
composition  being  made  by 

45  forming  a  mixture  of  reactants  comprising 
(a)  50  -  90  volume  percent  AbTiCfe  or  a  solid  solution  having  a  substantial  amount  of  AbTiCfe  in  the 
solid  solution,  and 
(b)  10  -  50  volume  percent  zirconium  titanate; 
the  mixture  being  either 

50  (i)  prereacted  AbTiCfe  and  prereacted  zirconium  titanate, 
(ii)  prereacted  AbTiCfe  and  sources  of  Ti02  and  Zr02  to  form  zirconium  titanate,  or 
(iii)  prereacted  zirconium  titanate  and  sources  of  Al203  and  Ti02  to  form  AbTiCfe; 

and  heating  the  mixture  at  a  temperature  of  1250°  C  or  higher. 

55  2.  A  ceramic  composition  according  to  Claim  1,  further  comprising  in  solid  solution  with  at  least  the 
zirconium  titanate  or  the  AbTiCfe  an  oxide  selected  from  the  group  consisting  of  Zr02,  Ti02,  Si02, 
Fe203  and  mixtures  thereof. 

17 
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3.  A  ceramic  composition  according  to  Claim  2,  wherein  the  AbTiCfe  phase  contains  a  phase  decomposi- 
tion  stabilizer  selected  from  the  group  consisting  of  SiCfe,  Zr02,  Fe2  03  or  mixtures  thereof. 

4.  A  ceramic  composition  according  to  Claim  3,  wherein  the  phase  decomposition  stabilizer  oxide  is 
5  present  in  an  amount  of  from  1  to  5  mole  %  of  the  total  AbTiCfe  composition. 

5.  A  ceramic  composition  according  to  Claim  1,  wherein  the  composition  is  made  by  firing  at  a 
temperature  of  1250°  C  or  higher  a  starting  mixture  of  a  source  of  Zr02,  a  source  of  TiCfe,  and  a  source 
Of  AI2O3. 

10 
6.  A  ceramic  composition  according  to  Claim  5,  wherein  the  starting  mixture  prior  to  firing  comprises  at 

least  the  equivalent  of 
(a)  50-90  volume  percent  AbTiCfe  or  a  solid  solution  having  a  substantial  amount  of  AbTiCfe  in  the 
solid  solution,  and 

15  (b)  10-50  volume  percent  zirconium  titanate. 

7.  A  ceramic  composition  according  to  Claim  6,  wherein  the  zirconium  titanate  is  in  an  amount  from  10  to 
50  volume  percent,  and  has  a  composition  within  the  range  ZrTh  +x04+2x,  where  x<1. 

20  8.  A  ceramic  composition  according  to  Claim  7,  wherein  the  starting  mixture  further  comprises  a  phase  of 
free  ZrCfe. 

9.  A  ceramic  composition  according  to  Claim  8,  wherein  the  free  ZrCfe  further  comprises  TiCfe  in  solid 
solution. 

25 
10.  A  ceramic  composition  according  to  Claim  6,  whose  fired  microstructure  contains  separate  phases  of 

aluminum  titanate,  zirconium  titanate  and  zirconia. 

11.  Ceramic  compositions  according  to  Claim  5,  wherein  the  starting  mixture  before  firing  comprises  at 
30  least  one  pre-reacted  phase  of  AbTiCfe,  zirconium  titanate  or  their  solid  solutions  containing  minor 

amounts  of  compatible  oxides,  and  the  components  necessary  to  form  the  remaining  phases  after 
firing. 

12.  A  ceramic  composition  according  to  Claim  5,  wherein  the  starting  mixture  before  firing  comprises  a 
35  mixture  of  (a)  AbTiCfe  or  a  solid  solution  of  AbTiCfe  containing  minor  amounts  of  compatible  oxides  in 

solid  solution  and  (b)  prereacted  zirconium  titanate  made  from  about  equal  molar  amounts  of  ZrCfe  and 
Ti02. 

13.  A  ceramic  composition  according  to  Claim  12  wherein  the  compatible  oxide  is  selected  from  the  group 
40  of  Si02,  Fe2  03  or  mixtures  thereof. 

14.  A  method  of  making  a  low  thermal  expansion  ceramic  composition  as  defined  in  Claim  1  comprising 
forming  a  mixture  of  reactants  which  stoichiometrically  will  have 

(a)  50-90  volume  percent  AbTiCfe  or  a  solid  solution  having  a  substantial  amount  of  AbTiCfe  in  the 
45  solid  solution,  and 

(b)  10-50  volume  percent  zirconium  titanate; 
said  mixture  being  either 

(i)  prereacted  and  prereacted  zirconium  titanate, 
(ii)  prereacted  AbTiCfe  and  sources  of  TiCfe  and  ZrCfe  to  form  zirconium  titanate,  or 

50  (iii)  prereacted  zirconium  titanate  and  sources  of  AI2O3  and  TiCfe  to  form  AbTiCfe;  and 
heating  the  mixture  at  a  temperature  of  1250°  C  or  higher. 

15.  A  method  according  to  Claim  14,  wherein  the  zirconium  titanate  is  in  an  amount  from  10  to  50  volume 
percent,  and  has  a  composition  within  the  range  ZrTh  +x04+2x,  where  0^x<1. 

55 
16.  A  method  according  to  Claim  14,  wherein  the  heating  is  done  in  the  presence  of  air. 

17.  A  method  according  to  Claim  15,  wherein  the  starting  mixture  further  comprises  a  phase  of  free  ZrCfe. 

18 



EP  0  278  456  B1 

18.  A  method  according  to  Claim  17,  wherein  the  free  Zr02  further  comprises  TiCfe  in  solid  solution. 

19.  A  method  of  making  low  thermal  expansion  ceramic  compositions  according  to  Claim  14,  comprising 
combining  at  least  one  pre-reacted  phase  of  AbTiCfe  and  sources  of  TiCfe  and  ZrCfe  to  form  zirconium 

5  titanate,  and  heating  the  mixture  at  a  temperature  of  1250°  C  or  higher. 

20.  A  method  of  making  low  thermal  expansion  ceramic  compositions  according  to  Claim  14,  comprising 
combining  at  least  one  pre-reacted  phase  of  zirconium  titanate  and  sources  of  AI2O3  and  TiCfe  to  form 
AI2Ti05  and  heating  the  mixture  at  a  temperature  of  1250°  C  or  higher. 

10 
21.  A  method  of  making  low  thermal  expansion  ceramic  compositions  according  to  Claim  14,  comprising 

combining  AbTiCfe  and  prereacted  zirconium  titanate  made  from  about  equal  amounts  of  ZrCfe  and 
Ti02  and  heating  the  mixture  at  a  temperature  of  1250°  C  or  higher. 

15  22.  A  method  according  to  Claim  21  ,  further  comprising  adding  to  the  starting  mixture  a  compatible  oxide 
selected  from  the  group  of  SiCfe,  Fe2  03  or  mixtures  thereof. 

23.  An  extruded  catalyst  support  made  of  the  low  thermal  expansion  ceramic  composition  according  to 
Claim  1  and  having  good  thermal  shock  resistance. 

20 
24.  An  extruded  catalyst  support  according  to  Claim  23,  wherein  the  support  has  a  honeycomb  cross 

section. 

25.  An  extruded  catalyst  support  made  of  the  low  thermal  expansion  ceramic  composition  according  to 
25  Claim  5  and  having  good  thermal  shock  resistance. 

26.  An  extruded  catalyst  support  according  to  Claim  25,  wherein  the  support  has  a  honeycomb  cross 
section. 

30  27.  An  extruded  catalyst  support  made  of  the  low  thermal  expansion  ceramic  composition  according  to 
Claim  6  and  having  good  thermal  shock  resistance. 

28.  An  extruded  catalyst  support  according  to  Claim  27,  wherein  the  support  has  a  honeycomb  cross 
section. 

35 
Patentanspruche 

1.  Keramikzusammensetzung,  die  aus  einer  uberwiegenden  AbTiCfe-Phase  zusammen  mit 
Zirkoniumtitanat-  und  Zirkonoxidphasen  besteht,  dadurch  gekennzeichnet,  da/S  die  fertige  Keramikzu- 

40  sammensetzung  zwischen  24  und  1000°C  insgesamt  einen  niedrigen  thermischen  Ausdehnungskoeffi- 
zienten  von  nicht  gro/Ser  als  1,5  x  10_G  °C_1  und  thermische  Stabilitat  in  Luft  aufweist,  so  da/S  (a)  bei 
mindestens  4  Stunden  langem  Erhitzen  auf  1200°  C  im  wesentlichen  keine  Zersetzung  der  AbTiCfe- 
Phase  zu  Rutil  oder  Aluminiumoxid  auftritt  wie  gemessen  durch  Rontgenbeugung,  (b)  das  physikalische 
Wachstum  nach  300  thermischen  Zyklen  zwischen  200  und  1150°C  1,5%  nicht  uberschreitet  und  (c) 

45  die  Zusammensetzung  nach  dem  isothermen  Erhitzen  auf  1200°C  fur  mindestens  4  Stunden  oder 
unter  Zyklusbedingungen  einen  niedrigen  durchschnittlichen  thermischen  Ausdehnungskoeffizienten 
zwischen  24  und  1000°C  von  nicht  gro/Ser  als  1,5  x  -6oC_1  beibehalt,  wobei  die  Zusammensetzung 
hergestellt  worden  ist,  indem  eine  Mischung  von  Reaktanten  gebildet  worden  ist,  die 

(a)  50  bis  90  Vol.%  AbTiCfe  oder  eine  feste  Losung  mit  einer  wesentlichen  Menge  von  AbTiCfe  in 
50  der  festen  Losung  und 

(b)  10  bis  50  Vol.%  Zirkoniumtitanat  umfafit, 
wobei  die  Mischung  entweder  aus 

(i)  vorab  umgesetztem  AbTiCfe  und  vorab  umgesetztem  Zirkoniumtitanat, 
(ii)  vorab  umgesetztem  AbTiCfe  und  Quellen  von  TiCfe  und  ZrCfe  zur  Bildung  von  Zirkoniumtitanat 

55  oder 
(iii)  vorab  umgesetztem  Zirkoniumtitanat  und  Quellen  von  AI2O3  und  TiCfe  zur  Bildung  von 
AI2Ti05  besteht, 

und  die  Mischung  auf  eine  Temperatur  von  1250°  C  oder  hoher  erhitzt  wird. 

19 
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2.  Keramikzusammensetzung  nach  Anspruch  1,  die  au/Serdem  in  fester  Losung  mit  mindestens  dem 
Zirkoniumtitanat  oder  dem  AI2HO5  ein  Oxid  ausgewahlt  aus  der  Gruppe  bestehend  aus  Zr02,  TiCfe, 
Si02,  Fe2  03  und  Mischungen  derselben  umfa/St. 

5  3.  Keramikzusammensetzung  nach  Anspruch  2,  bei  der  die  AI2HO5  -Phase  einen  Phasenzersetzungsstabi- 
lisator  ausgewahlt  aus  der  Gruppe  bestehend  aus  SiCfe,  Zr02,  Fe2  03  oder  Mischungen  derselben 
enthalt. 

4.  Keramikzusammensetzung  nach  Anspruch  3,  bei  der  das  Phasenzersetzungsstabilisatoroxidin  einer 
io  Menge  von  1  bis  5  Mol%  der  gesamten  AI2HO5  -Zusammensetzung  vorhanden  ist. 

5.  Keramikzusammensetzung  nach  Anspruch  1,  bei  der  die  Zusammensetzung  hergestellt  worden  ist, 
indem  eine  Ausgangsmischung  von  einer  ZrCfe-Quelle,  einer  TiCfe-Quelle  und  einer  AbCvQuelle  bei 
einer  Temperatur  von  1250°  oder  hoher  gebrannt  worden  ist. 

15 
6.  Keramikzusammensetzung  nach  Anspruch  5,  bei  der  die  Ausgangsmischung  vor  dem  Brennen  minde- 

stens  das  Equivalent  von 
(a)  50  bis  90  Vol.%  AI2HO5  oder  eine  feste  Losung  mit  einer  wesentlichen  Menge  AI2Ti03  in  der 
festen  Losung  und 

20  (b)  10  bis  50  Vol.%  Zirkoniumtitanat  umfa/St. 

7.  Keramikzusammensetzung  nach  Anspruch  6,  bei  der  das  Zirkoniumtitanat  in  einer  Menge  von  10  bis  50 
Vol.%  vorhanden  ist  und  eine  Zusammensetzung  innerhalb  des  Bereichs  von  ZrTi1+x04+2x  aufweist, 
wobei  0   ̂ x  <  1  ist. 

25 
8.  Keramikzusammensetzung  nach  Anspruch  7,  bei  der  die  Ausgangsmischung  ferner  eine  Phase  von 

freiem  ZrCfe  umfa/St. 

9.  Keramikzusammensetzung  nach  Anspruch  8,  bei  der  das  freie  ZrCfe  ferner  TiCfe  in  fester  Losung 
30  umfa/St. 

10.  Keramikzusammensetzung  nach  Anspruch  6,  deren  gebrannte  Mikrostruktur  separate  Phasen  von 
Aluminiumtitanat,  Zirkoniumtitanat  und  Zirkonoxid  enthalt. 

35  11.  Keramikzusammensetzung  nach  Anspruch  5,  bei  der  die  Ausgangsmischung  vor  dem  Brennen  minde- 
stens  eine  vorab  umgesetzte  Phase  von  AI2HO5,  Zirkoniumtitanat  oder  deren  festen  Losungen,  die 
geringe  Mengen  kompatibler  Oxide  enthalten,  und  die  Komponenten  umfa/St,  die  notwendig  sind,  urn 
nach  dem  Brennen  die  ubrigen  Phasen  zu  bilden. 

40  12.  Keramikzusammensetzung  nach  Anspruch  5,  bei  der  die  Ausgangsmischung  vor  dem  Brennen  eine 
Mischung  von  (a)  AI2Ti05  oder  eine  feste  Losung  von  AI2Ti05  mit  geringen  Mengen  kompatibler  Oxide 
in  fester  Losung  und  (b)  vorab  umgesetztes  Zirkoniumtitanat  umfa/St,  das  aus  etwa  gleichen  molaren 
Mengen  Zr02  und  Ti02  hergestellt  worden  ist. 

45  13.  Keramikzusammensetzung  nach  Anspruch  12,  bei  der  das  kompatible  Oxid  ausgewahlt  ist  aus  der 
Gruppe  von  Si02,  Fe2  03  oder  Mischungen  derselben. 

14.  Verfahren  zur  Herstellung  einer  Keramikzusammensetzung  mit  geringer  thermischer  Ausdehnung 
gema/S  Anspruch  1,  bei  dem  eine  Mischung  von  Reaktanten  gebildet  wird,  die  stochiometrisch 

50  (a)  50  bis  90  Vol.%  AI2Ti05  oder  eine  feste  Losung  mit  einer  wesentlichen  Menge  AI2Ti05  in  der 
festen  Losung  und 
(b)  10  bis  50  Vol.%  Zirkoniumtitanat  aufweist, 
wobei  die  Mischung  entweder  aus 

(i)  vorab  umgesetztem  AI2Ti05  und  vorab  umgesetztem  Zirkoniumtitanat, 
55  (ii)  vorab  umgesetztem  AI2Ti05  und  Quellen  von  Ti02  und  Zr02  zur  Bildung  von  Zirkoniumtitanat 

oder 
(iii)  vorab  umgesetztem  Zirkoniumtitanat  und  Quellen  von  AI2O3  und  Ti02  zur  Bildung  von 
AI2Ti05  besteht  und 

20 
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die  Mischung  auf  eine  Temperatur  von  1250°  C  oder  hoher  erhitzt  wird. 

15.  Verfahren  nach  Anspruch  14,  bei  dem  das  Zirkoniumtitanat  in  einer  Menge  von  10  bis  50  Vol.% 
vorhanden  ist  und  eine  Zusammensetzung  im  Bereich  von  ZrTi1+x04+2x  aufweist,  wobei  0   ̂ x  <  1  ist. 

5 
16.  Verfahren  nach  Anspruch  14,  bei  dem  das  Erhitzen  in  Gegenwart  von  Luft  erfolgt. 

17.  Verfahren  nach  Anspruch  15,  bei  dem  die  Ausgangsmischung  ferner  eine  Phase  von  freiem  Zr02 
umfa/St. 

10 
18.  Verfahren  nach  Anspruch  17,  bei  dem  das  freie  Zr02  ferner  Ti02  in  fester  Losung  umfa/St. 

19.  Verfahren  zur  Herstellung  von  Keramikzusammensetzungen  mit  geringer  thermischer  Ausdehnung  nach 
Anspruch  14,  bei  dem  mindestens  eine  vorab  umgesetzte  Phase  von  AbTiCfe  und  Quellen  von  Ti02 

is  und  Zr02  zur  Bildung  von  Zirkoniumtitatant  kombiniert  werden  und  die  Mischung  auf  eine  Temperatur 
von  1250°C  oder  hoher  erhitzt  wird. 

20.  Verfahren  zur  Herstellung  von  Keramikzusammensetzungen  mit  geringer  thermischer  Ausdehnung  nach 
Anspruch  14,  bei  dem  mindestens  eine  vorab  umgesetzte  Phase  von  Zirkoniumtitanat  und  Quellen  von 

20  Al203  und  Ti02  kombiniert  werden,  urn  AI2Ti05  zu  bilden,  und  die  Mischung  auf  eine  Temperatur  von 
1250°C  oder  hoher  erhitzt  wird. 

21.  Verfahren  zur  Herstellung  von  Keramikzusammensetzungen  mit  geringer  thermischer  Ausdehnung  nach 
Anspruch  14,  bei  dem  AI2Ti05  und  vorab  umgesetztes  Zirkoniumtitanat,  das  aus  etwa  gleichen  Mengen 

25  Zr02  und  Ti02  hergestellt  worden  ist,  kombiniert  werden  und  die  Mischung  auf  eine  Temperatur  von 
1250°C  oder  hoher  erhitzt  wird. 

22.  Verfahren  nach  Anspruch  21  ,  bei  dem  der  Ausgangsmischung  ferner  ein  kompatibles  Oxid  ausgewahlt 
aus  der  Gruppe  von  Si02,  Fe203  oder  Mischungen  derselben  zugesetzt  wird. 

30 
23.  Extrudierter  Katalysatortrager,  der  aus  der  keramischen  Zusammensetzung  mit  geringer  thermischer 

Ausdehnung  gema/S  Anspruch  1  hergestellt  worden  ist  und  gute  Thermoschockbestandigkeit  aufweist. 

24.  Extrudierter  Katalysatortrager  nach  Anspruch  23,  bei  dem  der  Trager  einen  Honigwabenquerschnitt 
35  aufweist. 

25.  Extrudierter  Katalysatortrager,  der  aus  der  Keramikzusammensetzung  mit  geringer  thermischer  Ausdeh- 
nung  gema/S  Anspruch  5  hergestellt  worden  ist  und  gute  Thermoschockbestandigkeit  aufweist. 

40  26.  Extrudierter  Katalysatortrager  nach  Anspruch  25,  bei  dem  der  Trager  einen  Honigwabenquerschnitt 
aufweist. 

27.  Extrudierter  Katalysatortrager,  der  aus  der  Keramikzusammensetzung  mit  geringer  thermischer  Ausdeh- 
nung  gema/S  Anspruch  6  hergestellt  worden  ist  und  gute  Thermoschockbestandigkeit  aufweist. 

45 
28.  Extrudierter  Katalysatortrager  nach  Anspruch  27,  bei  dem  der  Trager  einen  Honigwabenquerschnitt 

aufweist. 

Revendicatlons 
50 

1.  Une  composition  ceramique  comprenant  une  phase  predominate  de  AI2Ti05  avec  des  phases  de 
titanate  de  zirconium  et  de  zircone,  caracterisee  en  ce  que  la  composition  ceramique  globale  finale  a 
un  faible  coefficient  de  dilatation  thermique  entre  24  et  1000°C  non  superieur  a  1,5  x  10_G  °C_1  et 
une  stabilite  thermique  dans  I'air  telle  que  :  (a)  lors  du  chauffage  a  1200°C  pendant  au  moins  4 

55  heures,  il  n'y  a  substantiellement  aucune  decomposition  de  la  phase  de  AI2Ti05  en  rutile  ou  alumine 
telle  que  mesuree  par  diffraction  de  rayons  X,  (b)  la  croissance  physique,  apres  cyclage  thermique 
entre  200  et  1150°C  pendant  300  cycles,  n'excede  pas  1,5%,  et  (c)  la  composition  conserve  un  faible 
coefficient  de  dilatation  thermique  moyen  entre  24  et  1000°C  non  superieur  a  1,5  x  10_G  °C_1  apres  le 
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chauffage  isothermique  a  1200°C  pendant  au  moins  4  heures  ou  dans  des  conditions  de  cyclage,  la 
composition  etant  realisee  en  formant  un  melange  de  reactifs  comprenant  : 

(a)  50  pour  cent  a  90  pour  cent  en  volume  de  AbTiCfe  ou  d'une  solution  solide  ayant  une  quantite 
importante  de  AbTiCfe  dans  la  solution  solide,  et 

5  (b)  10  pour  cent  a  15  pour  cent  en  volume  de  titanate  de  zirconium  ; 
le  melange  etant  soit 

(i)  du  AI2Ti05  ayant  subi  une  prereaction  et  du  titanate  de  zirconium  ayant  subi  une  prereaction, 
(ii)  du  AI2Ti05  ayant  subi  une  prereaction  et  des  sources  de  Ti02  et  de  Zr02  pour  former  du 
titanate  de  zirconium,  ou 

io  (iii)  du  titanate  de  zirconium  ayant  subi  une  prereaction  et  des  sources  de  Al203  et  Ti02  pour 
former  du  AbTiCfe  ; 

et  en  chauffant  le  melange  a  une  temperature  de  1250°  C  ou  plus  elevee. 

2.  Une  composition  ceramique  selon  la  revendication  1  ,  comprenant  en  outre,  en  solution  solide  avec  au 
is  moins  le  titanate  de  zirconium  ou  le  AbTiCfe,  un  oxyde  choisi  dans  le  groupe  consistant  en  Zr02,  Ti02, 

Si02,  Fe203  et  en  des  melanges  de  ceux-ci. 

3.  Une  composition  ceramique  selon  la  revendication  2,  dans  laquelle  la  phase  de  AbTiCfe  contientun 
stabilisateur  de  decomposition  de  phase  choisi  dans  le  groupe  consistant  en  Si02,  Zr02,  Fe203  ou  en 

20  des  melanges  de  ceux-ci. 

4.  Une  composition  ceramique  selon  la  revendication  3,  dans  laquelle  I'oxyde  stabilisateur  de  decomposi- 
tion  de  phase  est  present  en  une  quantite  de  1  a  5  moles  %  de  la  composition  totale  de  AbTiCv 

25  5.  Une  composition  ceramique  selon  la  revendication  1  ,  caracterisee  en  ce  que  la  composition  est  realisee 
par  cuisson,  a  une  temperature  de  1250°C  ou  plus  elevee,  d'un  melange  de  depart  d'une  source  de 
Zr02,  d'une  source  de  Ti02  et  d'une  source  de  Al203. 

6.  Une  composition  ceramique  selon  la  revendication  5,  dans  laquelle  le  melange  de  depart  avant  cuisson 
30  comprend  au  moins  I'equivalent  de 

(a)  50  pour  cent  a  90  pour  cent  en  volume  de  AbTiCfe  ou  d'une  solution  solide  ayant  une  quantite 
importante  de  AbTiCfe  dans  la  solution  solide  et 
(b)  10  pour  cent  a  50  pour  cent  en  volume  de  titanate  de  zirconium. 

35  7.  Une  composition  ceramique  selon  la  revendication  6,  dans  laquelle  le  titanate  de  zirconium  est  en  une 
quantite  de  10  pour  cent  a  50  pour  cent  en  volume  et  a  une  composition  dans  la  serie  ZrTh  +x04+2x,  ou 
0   ̂ x  <  1. 

8.  Une  composition  ceramique  selon  la  revendication  7,  dans  laquelle  le  melange  de  depart  comprend  en 
40  outre  une  phase  de  Zr02  libre. 

9.  Une  composition  ceramique  selon  la  revendication  8,  dans  laquelle  le  Zr02  libre  comprend  en  outre  du 
Ti02  en  solution  solide. 

45  10.  Une  composition  ceramique  selon  la  revendication  6,  dont  la  microstructure  apres  cuisson  contient  des 
phases  separees  de  titanate  d'aluminium,  de  titanate  de  zirconium  et  de  zircone. 

11.  Compositions  ceramiques  selon  la  revendication  5,  dans  lesquelles  le  melange  de  depart  avant  cuisson 
comprend  au  moins  une  phase  de  AbTiCfe,  de  titanate  de  zirconium  ayant  subi  une  prereaction  ou 

50  leurs  solutions  solides  contenant  des  quantites  mineures  d'oxydes  compatibles  et  les  composants 
necessaires  pour  former  les  phases  restantes  apres  cuisson. 

12.  Une  composition  ceramique  selon  la  revendication  5,  dans  laquelle  le  melange  de  depart  avant  cuisson 
comprend  un  melange  de  (a)  AbTiCfe  ou  une  solution  solide  de  AbTiCfe  comprenant  des  quantites 

55  mineures  d'oxydes  compatibles  en  solution  solide  et  (b)  du  titanate  de  zirconium  ayant  subi  une 
prereaction,  realise  a  partir  de  quantites  molaires  approximativement  egales  de  Zr02  et  de  Ti02. 

13.  Une  composition  ceramique  selon  la  revendication  12,  dans  laquelle  I'oxyde  compatible  est  choisi  dans 
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le  groupe  de  Si02,  Fe2  03  ou  des  melanges  de  ceux-ci. 

14.  Un  procede  de  fabrication  d'une  composition  ceramique  a  faible  dilatation  thermique,  telle  que  definie 
dans  la  revendication  1  ,  comprenant 

5  la  formation  d'un  melange  de  reactifs  qui  auront  stoechiometriquement 
(a)  50  pour  cent  a  90  pour  cent  en  volume  de  AbTiCfe  ou  d'une  solution  solide  ayant  une  quantite 
importante  de  AbTiCfe  dans  la  solution  solide  et 
(b)  10  pour  cent  a  50  pour  cent  en  volume  de  titanate  de  zirconium  ; 
ledit  melange  etant  soit 

io  (i)  du  AI2Ti05  ayant  subi  une  prereaction  et  du  titanate  de  zirconium  ayant  subi  une  prereaction, 
(ii)  du  AI2Ti05  ayant  subi  une  prereaction  et  des  sources  de  Ti02  et  de  Zr02  pour  former  du 
titanate  de  zirconium  ou 
(iii)  du  titanate  de  zirconium  ayant  subi  une  prereaction  et  des  sources  de  Al203  et  de  Ti02  pour 
former  du  AbTiCfe  ;  et 

is  le  chauffage  du  melange  a  une  temperature  de  1250°  C  ou  plus  elevee. 

15.  Un  procede  selon  la  revendication  14,  dans  lequel  le  titanate  de  zirconium  est  en  une  quantite  de  10 
pour  cent  a  50  pour  cent  en  volume  et  a  une  composition  dans  la  serie  ZrTh  +x04+2x  ou  0   ̂ x  <  1  . 

20  16.  Un  procede  selon  la  revendication  14,  dans  lequel  le  chauffage  est  effectue  en  presence  d'air. 

17.  Un  procede  selon  la  revendication  15,  dans  lequel  le  melange  de  depart  comprend  en  outre  une  phase 
de  Zr02  libre. 

25  18.  Un  procede  selon  la  revendication  17,  dans  lequel  le  Zr02  libre  comprend  en  outre  du  Ti02  en  solution 
solide. 

19.  Un  procede  de  fabrication  de  compositions  ceramiques  a  faible  dilatation  thermique  selon  la  revendica- 
tion  14,  comprenant  la  combinaison  d'au  moins  une  phase  de  AbTiCfe  ayant  subi  une  prereaction  et  de 

30  sources  de  Ti02  et  de  Zr02  pour  former  du  titanate  de  zirconium,  et  le  chauffage  du  melange  a  une 
temperature  de  1250°C  ou  plus  elevee. 

20.  Un  procede  de  fabrication  de  compositions  ceramiques  a  faible  dilatation  thermique  selon  la  revendica- 
tion  14,  comprenant  la  combinaison  d'au  moins  une  phase  de  titanate  de  zirconium  ayant  subi  une 

35  prereaction  et  de  sources  de  Al203  et  de  Ti02  pour  former  du  AbTiCfe  et  le  chauffage  du  melange  a 
une  temperature  de  1250°  C  ou  plus  elevee. 

21.  Un  procede  de  fabrication  de  compositions  ceramiques  a  faible  dilatation  thermique  selon  la  revendica- 
tion  14,  comprenant  la  combinaison  de  AbTiCfe  et  de  titanate  de  zirconium  ayant  subi  une  prereaction 

40  et  realise  a  partir  de  quantites  approximativement  egales  de  Zr02  et  de  Ti02  et  le  chauffage  du 
melange  a  une  temperature  de  1250°C  ou  plus  elevee. 

22.  Un  procede  selon  la  revendication  21,  comprenant  en  outre  I'addition,  au  melange  de  depart,  d'un 
oxyde  compatible  choisi  dans  le  groupe  de  Si02,  Fe203  ou  de  melanges  de  ceux-ci. 

45 
23.  Un  support  de  catalyseur  extrude  fabrique  en  la  composition  ceramique  a  faible  dilatation  thermique 

selon  la  revendication  1  et  ayant  une  bonne  resistance  au  choc  thermique. 

24.  Un  support  de  catalyseur  extrude  selon  la  revendication  23,  dans  lequel  le  support  a  une  section 
50  transversale  en  nids  d'abeille. 

25.  Un  support  de  catalyseur  extrude  fabrique  en  la  composition  ceramique  a  faible  dilatation  thermique 
selon  la  revendication  5  et  ayant  une  bonne  resistance  au  choc  thermique. 

55  26.  Un  support  de  catalyseur  extrude  selon  la  revendication  25,  dans  lequel  le  support  a  une  section 
transversale  en  nids  d'abeille. 

27.  Un  support  de  catalyseur  extrude  fabrique  en  la  composition  ceramique  a  faible  dilatation  thermique 
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selon  la  revendication  6  et  ayant  une  bonne  resistance  au  choc  thermique. 

28.  Un  support  de  catalyseur  extrude  selon  la  la  revendication  27,  dans  lequel  le  support  a  une  section 
transversale  en  nids  d'abeille. 
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