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Description 

This  invention  relates  to  a  catalyst  for  purifying  exhaust  gas  and  a  method  for  its  production.  More 
particularly,  it  relates  to  a  catalyst  for  purifying  exhaust  gas  by  the  simultaneous  removal  of  such  harmful 

5  components  as  hydrocarbons  (HC),  carbon  monoxide  (CO),  and  nitrogen  oxides  (NOx)  contained  in  the 
exhaust  gas  from  the  internal  combusion  engine  of  an  automobile. 

Numerous  catalysts  have  been  proposed  for  purifying  exhaust  gas  emanating  from  the  internal 
combusion  engine  of  an  automobile.  At  present,  three-way  catalysts  for  the  simultaneous  removal  of  CO, 
HC,  and  NOx  constitute  the  mainstream  of  the  trend  of  such  catalysts. 

io  These  three-way  catalysts  are  generally  produced  by  depositing  such  active  components  as  platinum 
(Pt),  palladium  (Pd),  and  rhodium  (Rh)  either  singly  or  jointly  as  dispersed  on  such  a  refractory  inorganic 
oxide  as  alumina  or  zirconia  in  a  powdered  form,  thereby  preparing  a  catalyst  composition,  and  coating  a 
monolithic  carrier  of  cordierite,  for  example,  with  the  catalyst  composition.  Of  these  three-way  catalysts,  that 
which  has  platinum-family  metals  including  rhodium  dispersed  densely  on  activated  alumina  and  also  has 

75  cerium  oxide  (ceria)  incorporated  in  the  catalyst  composition  is  claimed  to  possess  an  outstanding  purifying 
ability. 

The  practice  of  adding  to  the  catalyst  active  composition  a  promoter  component  selected  from  among 
the  compounds  of  rare  earth  elements,  the  compounds  of  the  elements  of  Group  VIII,  the  alkali  metal 
compounds,  and  the  alkaline  earth  metal  compounds  for  the  purpose  of  promoting  and  stablising  the 

20  catalytic  activity  of  noble  metals  as  the  active  component  of  catalyst  is  also  now  in  vogue.  Particularly, 
cerium  oxide  (Ce02),  a  rare  earth  compound,  shows  a  conspicuous  effect  as  a  promoter  catalyst  and  has 
found  widespread  utility. 

Generally,  rhodium  is  a  noble  metal  component  which  contributes  in  a  large  measure  to  the  catalyst's 
ability  to  purify  the  waste  gas  of  NOx  and  permit  combustion  at  low  temperatures.  It  has  been  known, 

25  however,  that  under  such  harsh  conditions  as  experienced  in  an  oxidising  atmosphere  at  elevated 
temperatures,  rhodium  is  diffused  in  an  alumina  and  consequently  deprived  of  activity  [refer  to  J.  Catal.,  50, 
407,  (1977)]  and  rhodium  and  ceria  undergo  undesirable  interaction.  In  Japanese  Patent  Laid-open  SHO  61- 
(1986)-1  1  ,147,  for  example,  it  is  disclosed  that  the  interaction  of  rhodium  and  alumina  is  diminished  by 
regulating  the  particle  diameter  of  rhodium.  This  method,  however,  necessitates  intricate  steps  for  wet 

30  reduction.  It  has  been  confirmed  by  the  present  Applicants  that  this  method  is  not  sufficient  for  the  purpose 
of  curbing  the  interaction  of  rhodium  and  ceria. 

Known  ways  of  incorporating  ceria  in  the  catalyst  composition  include  a  method  which  comprises 
depositing  ceria  on  the  catalyst  composition  by  impregnating  activated  alumina  with  a  solution  of  ceria  and 
a  method  which  comprises  pouring  the  bulk  or  large  excess  of  an  oxide,  hydroxide,  or  carbonate  of  cerium 

35  into  the  other  components  of  the  catalyst  composition.  When  the  ceria  is  deposited  on  activated  alumina, 
however,  a  disadvantage  ensues  that  the  ceria  particles  are  liable  to  grow  and  the  ceria  is  deficient  in 
thermal  stability.  When  a  large  excess  of  a  cerium  compound  is  poured  into  the  catalyst  composition,  there 
is  a  disadvantage  that  the  consumption  of  ceria  is  so  large  as  to  render  the  produced  catalyst  very 
expensive  and  the  frequency  of  contact  between  ceria  and  rhodium  is  increased  to  the  extent  of  inducing  an 

40  undesirable  interaction  and  consequent  loss  of  activity.  Japanese  Patent  Laid-Open  SHO  60(1985)-171  ,223 
and  Japanese  Patent  Laid-open  SHO  62(1  987)-1  68,544  have  a  disclosure  to  the  effect  that  all  the  rare  earth 
elements  are  as  effective  in  stabilising  zirconium  as  yttrium,  calcium,  and  magnesia.  The  effect  which  such 
rare  earth  elements  used  in  a  catalyst  are  to  manifest  in  aiding  in  the  catalysis  remains  yet  to  be  clarified. 

In  the  field  of  catalysts,  zirconia  is  used  mostly  for  the  purpose  of  stabilising  the  specific  surface  area 
45  and  other  similar  physical  properties  of  the  catalyst  composition.  As  far  as  the  use  of  zirconia  as  a  carrier 

for  a  platinum-family  metal  is  concerned,  various  methods  are  proposed,  as  in  Japanese  Patent  Publication 
SHO  57(1982)-29,215  and  Japanese  Patent  Laid-Open  SHO  57(1  982)-1  53,737,  for  example. 

Zirconia  possesses  highly  desirable  properties  as  a  carrier  for  a  platinum-family  metal.  It  is  nevertheless 
highly  susceptible  to  thermal  deterioration  and  is  liable  to  undergo  heavy  loss  of  activity  during  protracted 

50  use  at  elevated  temperatures.  The  use  of  zirconia  as  a  thermally  stable  sintered  article  is  disclosed,  for 
example,  in  Japanese  Patent  Publication  SHO  57(1982)-2,382.  The  thermally  stable  sintered  article  of 
zirconia  is  deficient  in  its  binding  force  with  such  catalyst  components  as  platinum-family  metals  and  ceria 
and  is  liable  to  induce  growth  of  particles  of  the  active  component  and  growth  of  crystals  and,  as  a  result, 
the  produced  catalyst  suffers  from  low  thermal  stability  and  poor  durability. 

55  EP-A-171151  discloses  a  three-way  catalyst  for  lean  exhaust  systems.  In  order  to  reduce  the  interaction 
between  the  rhodium  and  rare  earth  oxides  present,  the  rhodium  is  deposited  on  support  materials  which 
are  substantially  free  of  rare  earth  oxides.  The  rhodium  particles  have  a  specific  initial  average  particle  size 
which  is  adjusted  to  reduce  the  interaction  of  the  rhodium  with  its  support. 
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EP-A-1  42858  relates  to  a  method  of  producing  a  monolithic  three-way  catalyst  for  the  purification  of 
exhaust  gases  of  internal  combustion  engines.  A  ceria  powder  is  dispersed  in  a  particular  coating  slip  and 
zirconia  powder  may  be  added  in  order  to  aid  the  dispersion  of  nobel  metals. 

EP-A-1  70588  is  concerned  with  a  multi  functional  pollution  control  catalyst  for  the  treatment  of  exhaust 
5  gases  from  internal  combustion  engines.  The  catalyst  includes  zirconium,  cerium  and  rhodium. 

EP-A-221406  is  concerned  with  a  method  for  producing  a  catalyst  in  which  zirconia  is  added  to  stabilise 
the  alumina  present.  Alumina/zirconia  is  first  produced  and  then  a  cerium  salt  is  deposited  on  it,  inevitably 
resulting  in  the  presence  of  crystallised  ceria. 

It  is  therefore  an  object  of  the  present  invention  to  provide  a  catalyst  for  purifying  exhaust  gas  which 
io  retains  outstanding  durability  when  it  is  used  under  such  harsh  conditions  as  encountered  in  an  oxidising 

atmosphere  at  elevated  temperatures  and  exhibits  a  high  scrubbing  ability  at  low  temperatures  to  the 
harmful  components  contained  in  the  exhaust  gas. 

According  to  the  present  invention,  there  is  provided  a  catalyst  for  purifying  exhaust  gas  which 
comprises  honeycomb  carriers  of  monolithic  structure  coated  with  a  catalyst  composition  including  cerium 

is  oxide,  zirconia  particles,  refractory  inorganic  oxide  particles,  rhodium,  in  an  amount  from  0.02  to  2%  by 
weight  and  at  least  one  platinium-family  metal  consisting  of  platinum  and/or  palladium  in  an  amount  of  from 
0  to  20%  by  weight,  based  on  the  catalyst  composition,  characterised  in  that  the  zirconia  particles  are 
stabilised  with  cerium  oxide  by  impregnating  zirconium  oxide  or  hydroxide  having  a  specific  surface  area  of 
from  60  to  200  m2/g  with  a  solution  of  cerium  salt,  drying  and  calcining  the  resultant  impregnated  particles 

20  until  the  plot  of  the  X-ray  diffraction  spectrum  thereof  does  not  show  a  peak  for  the  crystalline  form  of 
cerium  oxide,  the  cerium  oxide  being  present  in  the  ceria/zirconia  composite  in  an  amount  of  from  10  to 
50%  by  weight  based  on  the  zirconia. 

In  the  present  invention,  it  has  been  found  that  the  durability  characteristic  of  rhodium  is  prominently 
improved  by  allowing  rhodium  to  be  incorporated  in  the  catalyst  composition  as  deposited  in  a  high 

25  concentration  on  particles  of  such  a  refractory  inorganic  oxide  as  alumina,  and  adjusted  in  the  form  of 
aggregate  particles  of  a  relatively  large  average  diameter. 

It  has  been  further  found  that  an  amorphous  ceria  compound  excellent  in  thermal  stability  and 
promoting  effect  is  obtained  by  depositing  ceria  as  dispersed  on  zirconia  or  zirconium  hydroxide  of  a  high 
surface  area  and  this  amorphous  ceria  hardly  undergoes  an  interaction  with  rhodium,  It  has  been  also  found 

30  that  the  catalyst  composition  which  contains  the  inorganic  oxide  carrying  rhodium  in  a  high  concentration 
obtained  as  described  above  and  the  ceria  stabilised  with  zirconia  inhibits  the  undesirable  interaction  with 
rhodium  and  retains  outstanding  durability  and  low-temperature  activity  even  when  it  is  used  under  such 
harsh  conditions  as  encountered  in  an  oxidising  atmosphere  at  elevated  temperatures. 

The  present  invention  also  extends  to  a  method  for  the  production  of  a  catalyst  for  purifying  exhaust 
35  gas,  which  comprises  preparing  a  catalyst  composition  composed  of:  (a)  zirconia  particles,  stabilised  with 

cerium  oxide  obtained  by  impregnating  zirconium  oxide  or  hydroxide  having  a  specific  surface  area  of  from 
60  to  200  m2/g  with  a  solution  of  cerium  salt,  drying  and  calcining,  whereby  the  cerium  oxide  is  present  in 
an  amount  of  from  10  to  50%  by  weight  based  on  the  zirconia,  (b)  refractory  inorganic  oxide  particles,  (c) 
0.02  to  2%  by  weight  of  rhodium  and  0  to  10%  by  weight  of  at  least  one  platinum-family  metal  consisting  of 

40  platinum  and/or  palladium,  based  on  the  catalyst  composition,  converting  the  catalyst  composition  into  an 
aqueous  slurry,  coating  honeycomb  carriers  of  monolithic  structure  with  the  aqueous  slurry,  and  subse- 
quently  drying  the  resultant  coated  carrier. 

In  the  accompanying  drawings:- 
Figure  1  is  an  X-ray  diffraction  diagram  of  a  typical  catalyst  according  to  this  invention, 

45  Figures  2  to  4  are  X-ray  diffraction  diagrams  of  catalysts  for  comparison,  and 
Figure  5  is  a  chart  showing  the  results  of  a  determination  of  the  bond  energy  of  Ce  3d  5/2  as  measured 
for  the  ceria  used  in  the  catalyst  of  this  invention  and  in  catalysts  for  Comparison,  with  an  X-ray 
photoelectric  spectroscope. 
The  catalyst  composition  to  be  used  in  the  present  invention  comprises  zirconia  stabilised  with  cerium 

50  oxide,  refractory  inorganic  oxide  particles,  rhodium  and  optionally  a  platinum-family  metal  consisting  of 
platinum  and/or  palladium.  In  a  preferred  catalyst  composition,  the  rhodium  is  deposited  either  alone  or  in 
combination  with  the  platinum-family  metal  on  the  stabilised  cerium  oxide  particles  and/or  the  refractory 
inorganic  oxide  particles. 

The  amount  of  rhodium  to  be  carried  is  in  the  range  of  0.02  to  2%  by  weight,  preferably  0.1  to  1%  by 
55  weight,  based  on  the  amount  of  the  catalyst  composition.  Preferably,  the  rhodium  is  supported  by  the 

refractory  inorganic  oxide  particles,  the  rhodium  being  present  in  an  amount  of  1  -  20%  by  weight  based  on 
the  refractory  inorganic  oxide  particles.  If  this  amount  is  less  than  1%  by  weight,  the  deposited  rhodium 
assumes  a  state  approximating  to  that  of  an  ordinary  high  dispersion,  undergoes  a  heavy  interaction  with 

3 
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the  refractory  inorganic  oxide  such  as  alumina,  and  fails  to  maintain  the  desired  durability.  If  this  amount 
exceeds  20%  by  weight,  the  initial  performance  is  low  and  the  rhodium  particles  are  liable  to  grow  during 
the  course  of  use.  When  the  composition  of  the  refractory  inorganic  oxide  supported  rhodium  is  prepared  in 
the  form  of  aggregate  particles  having  a  relatively  large  average  diameter  of  0.5  to  20um,  preferably  1  to  10 

5  urn  and  then  dispersed  in  the  catalyst  composition,  it  serves  to  mitigate  the  interaction  or  reaction  of 
rhodium  with  the  refractory  inorganic  oxide  or  promoter  substance  without  impairing  the  efficiency  of  the 
reaction  for  exhaust  gas  scrubbing. 

The  refractory  inorganic  oxides  which  are  usable  herein  include  alumina,  silica,  titania,  and  zirconia,  for 
example.  It  is  particularly  desirable  to  use  alumina,  especially  activated  alumina  in  the  crystalline  form  of  y  , 

10  8  ,  or  6  . 
The  method  for  the  deposition  of  the  platinum-family  metal  including  rhodium  is  not  specifically  defined. 

The  conventional  method  of  impregnation  may  be  used  for  the  deposition,  for  example.  The  composition 
can  be  obtained  by  thoroughly  mixing  the  aqueous  solution  of  a  rhodium  salt  such  as  rhodium  nitrate, 
rhodium  chloride,  or  rhodium  sulfate  with  the  refractory  inorganic  oxide  in  the  form  of  particles  and  then 

is  drying  and  calcining  the  resultant  mixture.  The  calcination  temperature  is  in  the  range  of  300  °  to  700  °  C, 
preferably  400  °  to  600  °  C. 

The  zirconia  composition  stabilized  with  ceria  which  constitutes  the  present  invention  is  obtained  by 
impregnating  zirconia  or  an  amorphous  zirconium  hydrate  such  as  zirconium  hydroxide  in  the  form  of 
minute  particles  of  a  large  surface  area  in  the  range  of  60  to  200  m2/g,  preferably  80  to  200  m2/g,  with  the 

20  aqueous  solution  of  a  cerium  salt  and  then  drying  the  impregnated  particles  and  calcining  them  at  a 
temperature  in  the  range  of  400  °  to  700  °  C,  preferably  500  °  to  600  °  C.  The  cerium  salts  which  are  usable 
herein  include  cerium  nitrate,  cerium  sulfate,  cerium  chloride,  and  cerium  oxalate,  for  example. 

The  content  of  ceria  in  the  zirconia  stabilized  with  cerium  oxide  is  desired  to  be  in  the  range  of  10  to 
50%  by  weight,  preferably  20  to  30%  by  weight.  When  the  ceria  content  is  in  the  preferred  range  of  20  to 

25  30%  by  weight,  the  produced  composition  has  ceria  uniformly  formed  solid  solutions. 
The  powdered  zirconia  stabilised  with  cerium  oxide  composition  may  otherwise  be  produced  by 

causing  coprecipitation  of  the  cerium  salt  with  a  zirconium  salt. 
The  powdered  zirconia  stabilised  with  cerium  oxide  composition  produced  as  described  above,  on 

analysis  by  X-ray  diffraction,  shows  a  crystalline  structure  solely  of  zirconia.  When  this  powder  is  calcined 
30  in  the  air  at  900  °C  for  10  hours,  it  shows  in  the  X-ray  diffraction  diagram  a  curve  for  the  teragonal  crystal  of 

zirconia,  indicating  that  the  zirconia  is  stabilized  in  the  tetragonal  crystal  by  the  ceria,  as  compared  with  the 
zirconia  powder  containing  no  ceria  and  showing  a  peak  for  the  monoclinic  crystal.  The  calcination  is 
preferable  to  be  carried  preferably  out  at  a  temperature  in  the  range  of  400  °  to  700  °  C. 

Further,  the  specific  surface  area  to  be  measured  after  10  hours'  calcination  in  the  air  at  900  °C  is  not 
35  more  than  10  m2/g  in  the  case  of  the  zirconia  powder  containing  no  ceria  and  not  less  than  30  m2/g  in  the 

case  of  the  powdered  zirconia  stabilised  with  cerium  oxide  composition  containing  ceria  in  the  range  of  10 
to  50  %  by  weight.  This  comparison  clearly  indicates  that  the  incorporation  of  ceria  serves  to  stabilize 
thermally  the  composition. 

When  a  sintered  article  of  zirconia  which  has  acquired  a  specific  surface  area  of  less  than  60  m2/g  as 
40  the  result  of  heat  treatment,  for  example,  is  used  as  a  zirconia  source,  no  solid  solution  is  obtained  as 

evinced  by  the  fact  that  the  X-ray  diffraction  shows  crystalline  structures  for  both  ceria  and  zirconia. 
If  the  ceria  content  in  the  powdered  zirconia  stabilised  with  cerium  oxide  composition  is  less  than  10% 

by  weight  based  on  the  amount  of  zirconia,  a  peak  for  the  monoclinic  crystal  of  zirconia  partly  appears  after 
10  hours'  calcination  at  950  °C.  If  the  ceria  content  exceeds  50%  by  weight,  a  peak  for  ceria  appears. 

45  The  powdered  zirconia  stabilised  with  cerium  oxide  composition  is  enabled  to  bring  about  a  still  better 
effect  when  it  is  further  stabilised  with  yttria  and/or  calcia.  The  content  of  yttria  and/or  calcia  in  the 
composite  is  in  the  range  of  0.5  to  15%  by  weight,  preferably  1  to  5%  by  weight.  The  stabilised 
composition  is  identified  by  the  fact  that  the  x-ray  diffraction  diagram  of  the  composition  shows  no  peak  for 
the  crystal  of  ceria.  Stabilization  with  yttria  and/or  calcia  may  be  carried  out  by  impregnating  a  yttrium 

50  and/or  calcium  salt  to  zirconia  or  zirconium  hydrate  during  or  after  impregnating  a  cerium  salt  to  zirconia  or 
zirconium  hydrate,  drying  and  calcining.  The  calcination  temprature  is  400°  to  700  °C,  preferably  500  °C  to 
600  •  C. 

The  stabilised  composite  of  this  invention  is  such  that  even  after  it  has  been  exposed  to  an  oxidizing 
atmosphere  at  an  elevated  temperature  of  not  less  than  800  °  C,  the  x-ray  diffraction  diagram  thereof  does 

55  not  show  a  peak  for  the  crystal  of  ceria  or  yttria  but  shows  mainly  a  peak  for  the  tetragonal  crystal  of 
zirconia.  The  absence  of  the  peak  for  the  crystal  of  ceria  or  yttria  from  the  x-ray  diffraction  diagram  may  be 
logically  explained  by  a  supposition  that  cerium  and  yttrium  both  form  a  solid  solution  with  zirconia  or  they 
are  deposited  as  idealy  dispersed  in  the  interstices  between  the  zirconia  particles. 
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It  has  been  confirmed  that  the  yttrium  and  calcium  incorporated  in  the  composition  are  effective  in 
stabilizing  the  zirconia  and,  at  the  same  time,  in  altering  the  condition  of  oxidation  of  ceria.  The  result  of  the 
test  by  the  method  of  X-ray  photoelectric  spectroscopy  shows  that  the  incorporation  of  yttrium  or  calcium 
brings  about  an  addition  to  the  oxidation  number  of  Ce.  This  fact  suggests  that  active  oxygen  seeds  have 

5  been  formed  on  the  surface  of  ceria. 
The  stabilized  zirconium  oxide  thus  obtained  is  contained  in  a  concentration  in  the  range  of  10  to  80% 

by  weight,  preferably  20  to  40%  by  weight,  based  on  the  total  amount  of  the  catalyst  composition.  The 
incorporation  of  the  stabilised  composite  in  combination  with  the  platinum-family  metal  permits  production 
of  a  highly  satisfactory  exhaust  gas  scrubbing  catalyst  for  use  in  the  internal  combustion  engine. 

io  The  rhodium  is  carried  on  the  particles  of  the  zirconia  composition  stabilised  with  cerium  oxide  alone  or 
with  ceria  in  combination  with  yttria  or  calcia  and/or  the  particles  of  refractory  inorganic  oxide  as  described 
above.  Optionally,  particles  of  a  refractory  inorganic  oxide  carrying  no  rhodium  may  be  additionally 
incorporated  in  the  catalyst  composition.  When  a  refractory  inorganic  oxide  such  as  activated  alumina  or 
silica  prepared  with  a  large  surface  area  is  incorporated  in  the  catalyst  composition,  it  enables  the  catalyst 

is  composition  to  acquire  a  physical  effect  such  as,  for  example,  diffusion  of  gas.  When  the  refractory 
inorganic  oxide  has  a  rare  earth  element,  a  base  metal  element  such  as  iron,  chromium,  manganese,  or 
nickel,  or  a  platinum-family  metal  other  than  rhodium  carried  thereon,  the  produced  catalyst  composition 
enjoys  a  further  improvement  in  the  purifying  ability. 

The  platinum-family  metal  other  than  rhodium,  when  necessary,  may  be  deposited  on  the  refractory 
20  inorganic  oxide  carrying  rhodium,  the  zirconium  oxide  stabilized  solely  by  ceria  or  jointly  by  ceria  and  yttria 

and/or  calcia,  or  the  refractory  inorganic  oxide  not  carrying  rhodium.  The  amount  of  the  platinum-family 
metal  thus  deposited  is  in  the  range  of  0  to  10%  by  weight,  more  desirably  0.001  to  5%  by  weight,  and 
most  desirably  0.5  to  2%  by  weight.  This  deposition  is  effected  in  the  same  manner  as  that  of  rhodium 
mentioned  above. 

25  From  the  compositions  obtained  as  described  above,  a  finished  catalyst  is  produced  by  converting 
these  compositions  into  an  aqueous  slurry  by  the  use  of  a  ball  mill,  wash  coating  honeycomb  carriers  of 
monolithic  structure,  for  example,  with  the  aqueous  slurry,  then  drying  the  coated  honeycomb  carriers,  and 
optionally  calcining  the  dry  coated  honeycomb  carriers.  The  calcination  temperature  is  in  the  range  of  100° 
to  700  °  C,  preferably  1  50  °  to  500  °  C. 

30  The  honeycomb  carriers  of  monolithic  structure  which  are  usable  in  this  invention  include  carriers  of 
such  ceramic  substances  as  cordierite,  mullite,  and  a-alumina  and  metallic  monolithic  carriers  made  of 
stainless  steel  and  Fe-Cr-AI  alloy,  for  example.  The  amount  of  the  catalyst  composition  to  be  carried  per 
liter  of  these  carriers  is  in  the  range  of  50  to  300  g,  preferably  100  to  250  g. 

Now,  the  present  invention  will  be  described  more  specifically  below  with  reference  to  working 
35  examples.  It  should  be  noted,  however,  that  this  invention  is  not  limited  to  these  examples. 

Example  1 

With  100  ml  of  an  aqueous  solution  of  50  g  of  cerium  nitrate  [Ce(N03)3-  6H20],  50  g  of  minute  particles 
40  of  zirconia  having  a  specific  surface  area  of  92  m2/g  (produced  by  Daiichi  Kigenso  K.K.)  were  impregnated 

and  mixed.  Then  the  impregnated  minute  particles  were  thoroughly  dried  and  calcined  at  500  °C  for  one 
hour.  (The  product  was  labeled  as  "sample  No.  1.") 

Control  1 
45 

Sample  a  was  obtained  by  following  the  procedure  of  Example  1,  except  that  alumina  (  7-alumina) 
having  a  specific  surface  area  of  155  m2/g  was  used  in  place  of  zirconia. 

Control  2 
50 

Sample  b  was  obtained  by  following  the  procedure  of  Example  1  ,  except  that  zirconia  having  a  specific 
surface  area  of  45  m2/g  was  used  instead. 

Example  2 
55 

Sample  No.  2  was  obtained  by  following  the  procedure  of  Example  1  ,  except  that  the  amount  of  cerium 
nitrate  was  changed  to  100  g. 

5 
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Control  3 

Sample  c  was  obtained  by  following  the  procedure  of  Example  1,  except  that  the  amount  of  cerium 
nitrate  was  changed  to  200  g. 

5 
Example  3 

With  an  aqueous  rhodium  chloride  solution  containing  0.5  g  of  rhodium,  5  g  of  alumina  (  y  -AI2O3) 
having  a  specific  surface  area  of  90  m2/g  was  impregnated.  Then,  the  impregnated  alumina  was  thoroughly 

10  dried  and  subsequently  calcined  at  500  0  C  for  one  hour. 
Then,  200g  of  alumina  (  7  -AI2O3)  having  a  specific  surface  area  of  155  m2/g  was  impregnated  with  an 

aqueous  platinum  chloride  solution  containing  2.5  g  of  platinum,  to  obtain  platinum-containing  alumina.  In  a 
ball  mill,  the  two  powders  obtained  as  described  above  and  100  g  of  cerium  compound  obtained  in  the 
same  manner  as  in  Example  1  were  wet  pulverized  for  20  hours,  to  obtain  an  aqueous  slurry.  Monolithic 

15  carriers  of  cordierite  (33  mm  in  inside  diameter  and  76  mm  in  length)  possessing  about  400  cells  per 
square  inch  of  cross  section  were  immersed  in  the  aqueous  slurry,  removed  from  the  slurry,  blown  with 
compressed  air  to  remove  excess  slurry  from  the  cells,  and  then  dried,  to  obtain  a  catalyst  3.  The  coating 
layer  of  the  catalyst  was  photographed  in  3,000  magnifications  at  300  randomly  selected  points  and 
analyzed  for  distribution  of  platinum  and  rhodium  by  electron  probe  micro  analysis  (EPMA),  to  find  that 

20  rhodium-containing  alumina  was  dispersed  in  the  form  of  particles  having  an  average  diamter  of  3  urn  and 
absolutely  no  platinum  was  aggregated  in  the  form  of  particle.  By  the  fluorescent  X-ray  test,  the  catalyst  3 
was  found  to  contain  0.081  g  of  platinum,  0.016  g  of  rhodium,  and  0.90  g  of  CeCfe  per  catalyst. 

Example  4 
25 

Alumina  containing  rhodium  and  platinum  was  obtained  by  impregnating  10  g  of  alumina  (  7-AI2O3) 
having  a  specific  surface  area  of  155  m2/g  with  a  mixed  solution  of  rhodium  chloride  and  platinic  chloride 
containing  0.5  g  of  rhodium  and  2.5  g  of  platinum,  drying  the  impregnated  alumina,  and  then  calcining  the 
dried  alumina  at  500  °C  for  one  hour.  In  a  ball  mill,  the  powder  thus  obtained,  80  g  of  cerium  compound 

30  obtained  in  the  same  manner  as  in  Example  2,  and  210  g  of  7  -alumina  were  wet  pulverized  to  obtain  an 
aqueous  slurry.  Thereafter,  Catalyst  4  was  obtained  by  following  the  procedure  of  Example  3.  By  the  EPMA 
analysis,  the  coating  layer  of  this  catalyst  was  found  to  contain  the  platinum  and  rhodium-containing  alumina 
as  dispersed  in  the  form  of  particles  having  an  average  diameter  of  5u.m.  The  amount  of  the  catalyst  carried 
was  as  shown  in  Table  1  . 

35 
Control  4 

An  aqueous  solution  of  rhodium  chloride  and  platinic  chloride  containng  0.5  g  of  rhodium  and  2.5  g  of 
platinum  was  diluted  with  purified  water.  Then,  220  g  of  7  -alumina  having  a  specific  surface  area  of  155 

40  m2/g  was  impregnated  with  the  diluted  aqueous  solution,  dried,  and  then  calcined  at  500  °C  for  one  hour.  In 
a  ball  mill,  the  powder  thus  obtained  and  80  g  of  commercially  available  cerium  oxide  were  wet  pulverized, 
and  treated  by  following  the  procedure  of  Example  3,  to  obtain  catalyst  d.  When  the  coating  layer  of  this 
catalyst  was  tested  by  EPMA,  neither  platinum  nor  rhodium  was  detected  in  the  form  of  particles  exceeding 
0.5u.m  in  diameter.  The  amount  of  the  catalyst  carried  was  as  shown  in  Table  1  . 

45 
Control  5 

Platinum-containing  alumina  was  obtained  by  impregnating  100  g  of  7  -alumina  with  an  aqueous 
solution  of  platinic  chloride  containing  2.5  g  of  platinum,  and  then  drying  and  calcining  the  impregnated  7  - 

50  alumina.  In  a  ball  mill,  the  powder  thus  obtained  and  80  g  of  commercially  available  cerium  oxide  were  wet 
pulverized,  to  obtain  an  aqueous  slurry.  Then,  120  g  of  7-alumina  was  impregnated  with  an  aqueous 
solution  of  rhodium  chloride  containing  0.5  g  of  rhodium  and  the  resultant  impregnated  7  -  alumina  was 
pulverized  in  a  ball  mill,  to  obtain  an  aqueous  slurry.  The  rhodium  in  the  aqueous  slurry  was  fixed  by 
passing  hydrogen  sulfide  gas  through  the  rhodium-containing  aqueous  slurry. 

55  Monolithic  carriers  were  wash  coated  with  the  mixture  of  the  two  slurries  obtained  as  described  above. 
The  coated  carriers  were  dried  and  calcined  at  400  0  C  for  one  hour  to  obtain  a  finished  catalyst  e.  When  the 
coating  layer  of  this  catalyst  was  tested  by  EPMA,  neither  platinum  nor  rhodium  was  found  to  be  contained 
in  the  form  of  particles  exceeding  0.5  urn  in  diameter.  The  amount  of  catalyst  carried  was  as  shown  in 
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Table  1  . 

Example  5 

5  With  an  aqueous  solution  of  rhodium  nitrate  containing  0.3  g  of  rhodium,  5  g  of  S  -alumina  having  a 
specific  surface  area  of  90  m2/g  was  impregnated.  The  impregnated  S  -alumina  was  thoroughly  dried  and 
then  calcined  at  500  °C  for  one  hour,  to  obtain  rhodium-containing  alumina.  Then,  100  g  of  cerium 
compound  obtained  in  Example  2  was  impregnated  with  an  aqueous  solution  of  palladium  nitrate  containing 
3.0  g  of  palladium  and  then  dried  and  calcined  at  500  °C  for  one  hour. 

io  An  aqueous  slurry  was  prepared  by  wet  pulverizing  the  two  powders  obtained  as  described  above  and 
200  g  of  5-alumina  and  then  processed  by  following  the  procedure  of  Example  3,  to  obtain  catalyst  5.  When 
the  coating  layer  of  this  catalyst  was  tested  by  EPMA,  the  rhodium-containing  alumina  was  found  to  be 
dispersed  in  the  form  of  particles  having  an  average  diameter  of  6  urn.  The  amount  of  catalyst  carried  was 
as  shown  in  Table  1  . 

15 
Control  6 

In  a  ball  mill,  300  g  of  ceria-containing  alumina  obtained  in  the  as  same  manner  as  in  Control  1  was  wet 
pulverized  to  prepare  an  aqueous  slurry  and  then  processed  by  following  the  procedure  of  Example  3  to 

20  obtain  wash  coated  monolithic  carriers.  Then,  the  carriers  were  calcined  at  500  °C  for  one  hour,  impreg- 
nated  with  an  aqueous  solution  of  palladium  chloride  and  rhodium  chloride,  dried,  and  then  calcined  at 
500  °  C  to  obtain  catalyst  f.  When  the  coating  layer  of  the  catalyst  as  tested  by  EPMA,  neither  palladium  nor 
rhodium  was  detected  in  the  form  of  particles  exceeding  0.5  urn  in  diameter.  The  amount  of  catalyst  carried 
was  as  shown  in  Table  1  . 

25 
Table  1 

Example  No.  Catalyst  Pt  Pd  Rh  Ce02 
No. 

Example  3  3  0.081  -  0.016  0.90 
Example  4  4  0.080  -  0.016  1.15 
Control  4  d  0.082  -  0.016  2.60 
Control  5  e  0.081  -  0.016  2.55 
Example  5  5  -  0.096  0.010  1.43 
Control  6  f  -  0.102  0.010  2.73 

(g/pc) 

40 
Example  6 

The  samples  obtained  in  Examples  1  and  2  Controls  1  to  3  and  the  same  samples  further  calcined  at 
1,000°C  for  10  hours  were  subjected  to  X-ray  diffraction.  The  peaks  consequently  obtained  are  shown  in 

45  Table  2. 
Separately,  the  samples  of  Example  1  and  Control  1  and  commercially  available  ceria  (having  a  specific 

surface  area  of  70  m2/g)  calcined  at  1,000°C  for  10  hours  for  comparison  were  tested  for  capacity  for 
oxygen  storage.  The  results  were  as  shown  in  Table  3.  This  test  was  carried  out  with  a  conventional  flow 
type  apparatus  by  reducing  a  sample  in  hydrogen  at  500  °  C  and  then  feeding  oxygen  pulses  to  the  sample 

50  under  continued  flow  of  helium  thereby  determining  the  amount  of  oxygen  consumed  by  the  sample.  From 
the  results  of  Table  2  and  Table  3,  it  is  noted  that  the  ceria  compound  obtained  in  accordacne  with  this 
invention  does  not  induce  growth  of  ceria  crystals  but  retains  a  highly  desirable  capacity  for  oxygen  storage 
even  after  exposure  to  an  oxidizing  atmosphere  at  the  elevated  temperature  of  1  ,000  °  C. 

7 
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Table  2 

Sample  CeCfe  content  One  hour'  calcination  at  500  °  C  Ten  hour'calcination  at  1  ,000  °  C 
No.  (%  by  weight) 

1  29  Zr02  (monoclinic)  Zr02  (tetragonal) 
2  44  Zr02  (monoclinic)  Zr02  (tetragonal) 
a  29  AI2O3  (7  ),  Ce02  AI2O3(«,0,a),  Ce02 
b  29  Zr02  (monoclinic),  Ce02  Zr02  (monoclinic),  Ce02 
c  61  Zr02  (monoclinic),  Ce02  Zr02  (tetragonal),  Ce02 

Table  3 

Sample  No.  Oxygen  consumption  (mol)  per  mol  of  Ce 

1  9.8x10-2 
a  0.1x10-2 
Commercially  available  ceria  0.2  x  10-2 

Example  7 

25  The  catalysts,  Nos.  3  to  5,  and  the  catalysts,  Nos.  d  to  f,  for  comparison  were  aged  in  an  electric  oven 
and  then  tested  for  catalytic  performance.  The  aging  in  the  electric  oven  was  carried  out  under  very  harsh 
conditions  of  oxidizing  atmosphere  at  an  elevated  temperature,  i.e.  in  the  air  at  900  °C,  for  20  hours. 

The  evaluation  of  the  catalytic  performance  was  effected  by  the  use  of  an  electronically  controlled 
engine  4  cylinders  1,800  cc),  with  the  catalyst  inlet  gas  temperature  varied  continuously  with  a  heat 

30  exchanger  from  200°  to  450  °C,  to  find  ratios  of  removal  of  CO,  HC,  NOx.  In  this  case,  the  engine  was 
operated  with  the  space  velocity  (S.V.)  fixed  at  90,000  hr_1,  the  average  air/fuel  ratio  (A/F)  fixed  at  14.6,  and 
the  vibration  at  ±  0.5  A/F  1  Hz.  The  catalyst  inlet  gas  temperature  at  which  the  ratios  of  removal  of  CO,  HC, 
and  NOx  reached  50%  (T50)  and  the  ratio  of  purification  (%)  at  450  0  C  were  as  shown  in  Table  4. 

The  catalysts  which  had  undergone  the  durability  test  in  the  engine  were  similarly  tested  for  catalytic 
35  performance.  In  the  durability  test,  an  electronically  controlled  engine  (8  cylinders  4,400  cc)  was  operated  in 

the  mode  of  60  seconds  of  steady  driving  and  6  seconds  of  decelerated  driving  (during  which  period  the 
fuel  was  cut  and  the  catalyst  was  exposed  to  an  oxidizing  atmosphere  at  elevated  temperature).  Thus,  the 
catalyst  was  aged  for  50  hours  under  conditions  such  that  the  catalyst  temperature  would  reach  800  0  C  in 
the  steady  driving. 

40  The  evaluation  of  the  sample  for  catalytic  peformance  after  the  durable  test  with  the  engine  was  carried 
out  in  the  same  manner  as  described  above.  The  results  were  as  shown  in  Table  5.  It  is  clearly  noted  from 
the  results  of  Tables  4  and  5  that  the  catalyst  disclosed  by  the  present  invention  experiences  sparing 
deterioration  and  retains  highly  desirable  durability  not  merely  under  the  normal  engine  driving  conditions 
but  also  under  such  harsh  conditions  as  encountered  in  an  oxidizing  atmosphere  at  an  elevated  tempera- 

45  ture. 

50 

55 
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Table  4 

Catalyst  Temperature  for  50%  conversion  (  °  C)  Ratio  of  purification(%)  at  450  °  C 
No. 

CO  HC  NO  CO  HC  NO 

3  372  375  369  85  83  87 

4  365  371  360  88  87  88 

d  426  431  422  69  65  71 

e  403  410  401  72  70  72 

5  355  358  356  97  98  96 

f  394  397  399  83  85  82 

Table  5 

Catalyst  Temperature  for  50%  conversion  (  °  C)  Ratio  of  purification(%)  at  450  °  C 
No. 

CO  HC  NO  CO  HC  NO 

3  341  345  337  92  87  91 

4  337  340  335  95  92  93 

d  389  393  382  80  77  81 

e  372  379  370  83  78  83 

5  368  370  368  90  92  88 

f  401  405  407  77  81  72 

35 
Example  8 

A  zirconia  stabilized  with  cerium  oxide  (hereinafter  referred  to  as  "Ce-Zr02  ")  powder  containing  26%  by 
weight  of  ceria  was  prepared  by  mixing  an  aqueous  solution  of  cerium  nitrate  and  zirconia  having  a  specific 

40  surface  area  of  82  m2/g,  drying  the  resultant  mixture,  and  then  calcining  the  dry  mixture  in  the  air  at  500  °C 
for  two  hours. 

Then,  a  mixed  powder  comprising  20  g  of  the  Ce-Zr02  powder  and  80  g  of  activated  alumina  having  a 
specific  surface  area  of  100  m2/g  was  impregnated  with  an  aqueous  rhodium  nitrate  solution  containing  0.1 
g  of  rhodium.  The  impregnated  powder  was  dried  and  then  calcined  in  the  air  at  500  °C  for  two  hours,  to 

45  prepare  a  catalyst  composition. 
This  catalyst  composition  was  converted  into  a  slurry.  Cylindrical  monolithic  carriers  of  cordierite  33 

mm  in  outside  diameter  and  76  mm  in  length  possessing  about  400  gas-passing  cells  per  square  inch  of 
cross  section  were  coated  with  the  catalyst  composition  slurry  and  then  dried  at  130°C  for  three  hours,  to 
obtain  a  finished  catalyst  carrying  6.5  g  of  the  catalyst  composition. 

50  Part  of  the  aforementioned  Ce-Zr02  powder  containing  26%  by  weight  of  ceria  was  calcined  in  the  air 
at  900  °C  for  ten  hours  and  subjected  to  X-ray  diffraction.  The  X-ray  diffraction  diagram  showed  only  a  peak 
for  the  tetragonal  crystal  of  zirconia  as  illustrated  in  Fig.  1.  The  calcined  Ce-Zr02  powder  was  found  to 
possess  a  specific  surface  area  of  42  m2/g. 

55  Example  9 

A  finished  catalyst  was  obtained  by  following  the  procedure  of  Example  8,  except  that  a  Ce-Zr02 
powder  containing  13%  by  weight  of  ceria  was  used  and  rhodium  was  carried  on  a  mixed  powder 

9 
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comprising  50  g  of  the  Ce-ZrCfe  powder  and  50  g  of  activated  alumina. 

Control  7 

5  A  catalyst  composition  was  prepared  by  impregnating  80  g  of  activated  alumina  having  a  specific 
surface  area  of  100  m2/g  with  a  mixed  aqueous  solution  containing  5.2  g  of  cerium  nitrate  as  ceria,  14.8  g  of 
zirconium  nitrate  as  zirconia,  and  0.1  g  of  rhodium  nitrate  as  rhodium,  drying  the  impregnated  activated 
alumina,  and  calcing  the  dry  alumina  in  the  air  at  500  °C. 

This  catalyst  composition  was  converted  into  a  slurry.  In  the  same  manner  as  in  Example  8,  monolithic 
io  carriers  were  coated  with  the  slurry  to  obtain  a  finished  catalyst  carrying  6.5  g  of  the  catalyst  composition. 

Control  8 

A  mixed  powder  comprising  of  10  g  of  ceria  powder  having  a  specific  surface  area  of  62  m2/g,  60  g  of 
is  activated  alumina  powder  having  a  specific  surface  area  of  100  m2/g,  and  30  g  of  zirconia  powder  having  a 

specific  surface  area  of  82  m2/g  was  impregnated  with  an  aqueous  solution  containing  0.1  g  of  rhodium 
nitrate  as  rhodium.  The  impregnated  powder  was  dried  and  then  calcined  at  500  °C,  to  prepare  a  catalyst 
composition.  From  this  catalyst  composition,  a  finished  catalyst  carrying  6.5  g  of  the  catalyst  composition 
was  obtained  by  following  the  procedure  of  Example  8. 

20 
Control  9 

A  finished  catalyst  was  obtained  by  following  the  procedure  of  Example  8,  except  that  a  zirconia  powder 
having  a  specific  surface  area  of  38  m2/g  was  used  instead. 

25  Part  of  the  Ce-ZrCfe  powder  obtained  herein  was  calcined  in  the  air  at  900  °C  for  ten  hours  and 
subjected  to  X-ray  diffraction.  The  X-ray  diffraction  diagram  showed  a  peak  for  the  monoclinic  crystal  of 
zirconia  and  a  peak  for  ceria  as  illustrated  in  Fig.  2.  The  calcined  powder  was  found  to  have  a  specific 
surface  area  of  9.8  m2/g. 

30  Control  10 

A  finished  catalyst  was  obtained  by  following  the  procedure  of  Example  8,  except  that  a  Ce-ZrCfe 
powder  containing  7%  by  weight  of  ceria  was  used  and  rhodium  was  carried  on  a  mixed  powder  comprising 
80  g  of  the  Ce-ZrCfe  powder  and  20  g  of  activated  alumina. 

35  Part  of  the  Ce-ZrCfe  powder  containing  7%  by  weight  of  ceria  was  calcined  in  the  air  at  900  °  C  for  ten 
hours  and  subjected  to  X-ray  diffraction.  The  X-ray  diffraction  diagram  showed  a  main  peak  for  the 
monoclinic  crystal  of  zirconia  and  a  peak  for  the  tetragonal  crystal  of  zirconia  as  illustrated  in  Fig.  3.  The 
calcined  powder  was  found  to  possess  a  specific  surface  area  of  28  m2/g. 

40  Control  11 

A  finished  catalyst  was  obtained  by  following  the  procedure  of  Example  8,  except  that  a  Ce-ZrCfe 
powder  containing  85%  by  weight  of  ceria  was  used  instead  and  rhodium  was  carried  on  a  mixed  powder 
comprising  15  g  of  the  Ce-ZrCfe  powder  and  85  g  of  activated  alumina. 

45  Part  of  the  Ce-ZrCfe  powder  containing  85%  by  weight  of  ceria  was  calcined  in  the  air  at  900  °  C  for  ten 
hours  and  then  subjected  to  X-ray  diffraction.  The  X-ray  diffraction  diagram  showed  a  peak  for  ceria  and 
partly  a  peak  for  the  tetragonal  crystal  of  zirconia  as  illustrated  in  Fig.  4.  The  calcined  powder  was  found  to 
possess  a  specific  surface  area  of  3.1  m2/g. 

50  Example  10 

A  Ce-Zr02  powder  containing  28%  by  weight  of  ceria  based  on  zirconia  was  prepared  by  mixing  an 
aqueous  solution  of  cerium  nitrate  and  zirconium  hydroxide  having  a  specific  surface  area  of  98  m2/g, 
drying  the  resultant  mixture,  and  calcining  the  dry  mixture  in  the  air  at  500  °  C  for  two  hours. 

55  Then,  a  mixed  powder  comprising  of  25  g  of  the  Ce-ZrCfe  powder  mentioned  above  and  115  g  of  a 
activated  alumina  containing  3%  by  weight  of  ceria  and  1%  by  weight  of  iron  oxide  and  having  a  specific 
surface  area  of  123  m2/g  was  impregnated  with  a  mixed  aqueous  solution  of  containing  0.2  g  of  rhodium 
nitrate  as  rhodium  and  1  g  of  palladium  nitrate  as  palladium.  The  impregnated  powder  was  dried  and  then 

10 
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calcined  in  the  air  at  500  °C  to  prepare  a  catalyst  composition. 
This  catalyst  composition  was  converted  into  a  slurry.  In  the  same  manner  as  in  Example  8,  monolithic 

carriers  were  coated  with  the  slurry  to  obtain  a  finished  catalyst  carrying  9.2  g  of  the  catalyst  composition. 

5  Example  1  1 

A  Ce-Zr02  powder  containing  23%  by  weight  of  ceria  was  prepared  by  treating  a  mixed  aqueous 
solution  of  cerium  nitrate  and  zirconium  nitrate  with  aqua  ammonia  thereby  inducing  coprecipitation  of  the 
salts,  removing  the  coprecipitate,  drying  and  calcining  in  the  air  at  500  °C  for  two  hours.  This  Ce-ZrCfe 

io  powder  was  found  to  have  a  specific  surface  area  of  91  m2/g. 
Then,  a  finished  catalyst  carrying  9.2  g  of  a  catalyst  composition  was  obtained  by  following  the 

procedure  of  Example  10,  except  that  the  Ce-ZrCfe  powder  prepared  by  the  coprecipitation  method  was 
used  instead. 

is  Example  12 

A  finished  catalyst  was  obtained  by  following  the  procedure  of  Example  10,  except  that  amorphous 
zirconia  having  a  specific  surface  area  of  82  m2/g  was  used  as  the  zirconia  source  for  the  Ce-ZrCfe  powder. 

20  Control  12 

A  finished  catalyst  was  obtained  by  following  the  procedure  of  Example  10,  except  that  a  zirconia 
powder  having  a  specific  surface  area  of  42  m2/g  was  impregnated  with  cerium  nitrate  and  a  Ce-ZrCfe 
powder  containing  28%  by  weight  of  ceria  based  on  zirconia  was  prepared  instead. 

25 
Control  13 

A  catalyst  composition  was  prepared  by  mixing  a  mixed  powder  comprising  115  g  of  activated  alumina 
containing  5%  by  weight  of  ceria  and  1%  by  weight  of  iron  oxide  and  having  a  specific  surface  area  of  123 

30  m2/g  and  18  g  of  amorphous  zirconia  powder  having  a  specific  surface  area  of  82  m2/g  and  7g  of  cerium 
nitrate  as  ceria,  0.2  g  of  rhodium  nitrate  as  rhodium,  and  1  g  of  palladium  nitrate  as  palladium,  drying  the 
resultant  mixture,  and  calcining  the  dry  mixture  in  the  air  at  500  °  C  for  two  hours. 

From  this  catalyst  composition,  a  finished  catalyst  carrying  9.2  g  of  the  catalyst  composition  was 
obtained  by  coating  monolithic  carriers  with  the  catalyst  composition  in  the  same  manner  as  in  Example  10. 

35  The  amounts  of  catalyst  components  carried  per  liter  of  each  of  the  finished  catalysts  of  Examples  8  to 
12  and  Controls  7  to  13  were  as  shown  in  Table  6. 

11 
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The  catalyst  of  Example  8  to  12  and  the  catalysts  of  Controls  7  to  13  were  tested  for  catalytic  activity 
fter  a  durability  test  in  an  engine. 
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The  durability  test  was  formed  by  use  of  a  commercially  available  electronically  controlled  engine  (8 
cylinders  4,400  cc),  with  a  multi-converter  filled  with  a  sample  catalyst  and  connected  to  the  exhaust 
system  of  the  engine.  The  engine  was  operated  by  a  mode  of  60  seconds'  steady  driving  and  6  seconds' 
decelerated  driving  (druing  which  period  the  fuel  was  cut  and  the  catalyst  was  exposed  to  harsh  conditions 

5  of  an  oxidizing  atmosphere  at  elevated  temperature),  to  age  the  catalyst  for  50  hours  under  conditions  such 
that  the  catalyst  inlet  gas  temperature  during  the  steady  driving  would  reach  800  °  C. 

The  evaluation  of  the  aged  catalyst  for  catalytic  performance  was  carried  out  by  use  of  a  commercially 
available  electronically  controlled  engine  (4  cylinders,  1  ,800  cc),  with  a  multi-converter  filled  with  a  sample 
catalyst  and  connected  to  the  exhaust  system  of  the  engine.  The  performance  of  the  catalyst  was  evaluated 

io  under  the  conditions  of  catalyst  inlet  gas  temperature  of  450  °C  and  a  space  velocity  of  90,000  hr_1.  In  this 
case,  a  1-Hz  sine  wave  form  signal  from  an  external  oscillator  was  fed  into  a  control  unit  of  the  engine  to 
effect  continuous  change  of  the  average  air/fuel  ratio,  with  the  air/fuel  ratio  (A/F)  fluctuated  within  the  range 
of  ±  0.5  A/F  and  1  Hz.  In  the  meantime,  the  gas  sampled  at  the  inlet  and  outlet  of  the  catalyst  was  analyzed 
to  find  the  ratios  of  removal  of  CO,  HC,  and  NOx  for  the  average  air/fuel  ratio,  A/F,  in  the  range  of  15.1  to 

75  14.1 
A  three  way  characteristic  curve  was  obtained  by  plotting  on  a  graph  the  data  of  the  ratio  of  removal  of 

CO,  HC,  and  NOx  obtained  as  described  above  vs.  the  inlet  air/fuel  ratio.  The  ratio  of  purification  at  the 
intersection  of  the  curves  of  ratios  of  removal  of  CO  and  NOx  (hereinafter  referred  to  as  "crossover  point") 
and  the  ratio  of  removal  of  HC  at  the  A/F  value  of  that  crossover  point  were  found  from  the  three  way 

20  characterisitc  curve  to  be  used  as  criteria  for  the  evaluation  of  the  three  way  performance  of  the  catalyst. 
The  evaluation  of  the  catalyst  with  respect  to  the  purification  capcity  at  low  temperatures  was  carried 

out  by  operating  the  engine  with  the  average  air/fuel  ratio,  A/F,  fixed  at  14.6  and  the  air/fuel  ratio  fluctuated 
within  the  range  of  ±  0.5  A/F  and  1  Hz,  continuously  changing  the  catalyst  inlet  gas  temperature  from  200  ° 
to  500  °  C  by  means  of  a  heat-exchanger  disposed  before  the  catalyst  converter  in  the  exhaust  system  of 

25  the  engine,  simultaneously  analyzing  the  gas  sampled  at  the  inelt  and  outlet  of  the  catalyst,  and  determining 
the  ratios  of  removal  of  CO,  HC,  and  NOx. 

The  data  consequently  obtained  on  the  ratios  of  removal  of  CO,  HC,  and  NOx  vs.  the  catalyst  inlet  gas 
temperature  were  plotted  on  a  graph.  The  catalyst  inlet  gas  temperature  at  which  the  ratio  of  purification 
reached  50%  (R50)  was  found  from  the  curve  of  the  graph  and  used  as  a  criterion  for  the  evaluation  of  the 

30  catalyst's  purification  ability  at  low  temperatures. 
The  results  of  the  evaluation  of  catalyst  performance  obtained  by  the  method  described  above  were  as 

shown  in  Table  7. 
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It  is  clearly  noted  from  Table  7  that  the  catalysts  of  this  invention  containing  a  ceria-zirconia  compound 
55  having  a  platinum-family  metal  and  ceria  incorporated  in  the  form  of  a  solid  solution  in  zirconia  in  a 

concentration  in  the  range  of  10  to  50%  by  weight  as  contemplated  by  the  present  invention  exhibit  highly 
satisfactory  catalyst  performance  as  compared  with  the  conventional  catalyst  using  ceria  and  zirconia. 

14 
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From  the  results  described  above,  it  is  noted  that  the  catalyt  offered  by  the  present  invention  possesses 
an  outstanding  purification  ability  and,  at  the  same  time,  retains  high  durability  even  under  such  harsh 
conditions  as  experienced  in  an  oxidizing  atmosphere  at  an  elevated  temperature. 

5  Example  14 

With  a  solution  in  100  ml  of  water  of  50  g  of  cerium  nitrate  [Ce(N03)3  •  6H20],  50  g  of  minute  particles 
of  ziuconia  having  a  specific  surface  area  of  97  m2/g  were  impregnated.  The  impregnated  particles  were 
thoroughly  dried  and  then  calcined  at  500  °  C  for  one  hour.  (The  product  was  labelled  as  Sample  No.  6) 

10 
Example  15 

With  a  solution  in  100  ml  of  water  of  50  g  of  cerium  nitrate  [Ce(N03)3  •  6H20]  and  1.7  g  of  yttrium 
nitrate  [Y(No3)3  •  6H20],  50  g  of  the  same  minute  particles  of  zirconia  as  in  Example  14  were  impregnated. 

is  The  impregnated  particles  were  thoroughly  dried  and  then  calcined  at  500  °C  for  one  hour.  (The  product 
was  labelled  as  Sample  No.  7.) 

Example  16 

20  With  a  solution  in  100  ml  of  water  of  50  g  of  cerium  nitrate  [Ce(N03)3  •  6H20]  and  3.4  g  of  yttrium 
nitrate  [Y(N03)3  •  6H20)],  50  g  of  minute  particles  of  zirconia  having  a  specific  surface  area  of  97  m2/g 
were  impregnated.  The  impregnated  particles  were  thoroughly  dried  and  then  calcined  at  500  °C  for  one 
hour.  (The  product  was  labelled  as  Sample  No.  8.) 

25  Example  17 

Sample  No.  9  was  obtained  by  following  the  procedure  of  Example  16,  except  that  the  amount  of 
yttrium  nitrate  was  changed  to  6.8  g. 

30  Example  18 

Sample  No.  10  was  obtained  by  following  the  procedure  of  Example  16,  except  that  8.4  g  of  calcium 
nitrate  [Ca(N03)2  •  4H20]  was  used  in  place  of  yttrium  nitrate. 

35  Example  19 

With  solution  in  100  ml  of  water  of  50  g  of  cerium  nitrate,  3.4  g  of  yttrium  nitrate  and  8.4  g  of  calcium 
nitrate,  50  g  of  the  same  minute  particles  of  zirconia  as  in  Example  14  was  impregnated.  The  impregnated 
particles  were  thoroughly  dried  and  then  calcined  at  500  °C  for  1  hour.  (The  product  was  labelled  as 

40  Sample  No.  11) 

Control  14 

Sample  g  was  obtained  by  following  the  procedure  of  Example  16,  except  that  zirconia  having  a 
45  specific  surface  area  of  40  m2/g  was  used  instead. 

Control  15 

Sample  h  was  obtained  by  following  the  procedure  of  Example  17,  except  that  the  addition  of  cerium 
50  nitrate  was  omitted. 

Control  16 

Sample  i  was  obtained  by  folloiwng  the  procedure  of  Example  16,  except  that  50  g  of  y  -alumina  having 
55  a  specific  surface  area  of  150  m2/g  was  used  in  place  of  zirconia. 

15 
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Example  20 

[1]  The  cerium  oxide-containing  powders  of  Samples  No.  6  to  11  and  Samples  g  to  i  obtained 
respectively  in  Examples  14  to  19  and  Controls  14  to  16  and  a  commercially  available  ceria  of  a  large 

5  specific  surface  area  (85  m2/g)  were  treated  in  an  electric  oven  at  1  ,000  °  C  for  ten  hours  and  subjected 
to  X-ray  diffraction  and  tested  for  BET  surface  area.  The  results  were  as  shown  in  Table  8. 

The  cerium  oxide-containing  powders  of  Example  14  to  19  showed  no  growth  of  CeCfe  crystal  even 
after  the  treatment  at  the  elevated  temperatre  and  further  exhibited  stable  BET  surface  area  due  to 
addition  of  yttrium  and/or  calcium. 

io  [2)  The  samples  Nos.  8  and  9,  the  sample  i,  and  commercially  available  cerium  oxide  were  tested  for 
XPS.  The  results  were  as  shown  in  Fig.  5.  It  is  noted  from  Fig.  5  that  the  cerium  oxides  obtained  in  the 
working  examples  of  this  invention  show  a  shift  from  the  ordinary  3d  peak  of  Ce  toward  the  lower  bond 
energy  side.  The  fact  that  the  bond  energy  is  shifted  toward  the  lower  energy  side  means  that  the 
oxidation  number  of  Ce  is  increased.  It  is,  therefore,  logical  to  infer  that  the  addition  of  yttrium  results  in 

is  the  formation  of  a  Ce  seed  of  an  enhanced  state  of  oxidation. 

16 
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55  Example  21 

An  alumina  powder  containing  platinum  and  rhodium  was  obtained  by  impregnating  200  g  of  activated 
alumina  having  a  specific  surface  area  of  150  m2/g  with  a  mixture  of  an  aqueous  solution  of  dinitrodianmine 

17 
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platinic  nitrate  containing  1.5  g  of  platinum  and  an  aqueous  solution  of  rhodium  nitrate  containing  0.3  g  of 
rhodium,  thoroughly  drying  the  impregnated  activated  alumina,  and  calcining  the  dry  alumina  in  the  air  at 
400  °  C  for  two  hours. 

Then,  in  a  ball  mill,  the  platinum-family  metal  containing  alumina  obtained  as  described  above  and  100 
5  g  of  the  cerium  oxide-containing  powder  obtained  in  Example  14  were  blended  with  water  and  nitric  acid  to 

prepare  an  aqueous  slurry. 
A  finished  catalyst  No.  12  was  obtained  by  coating  monolithic  carriers  (33  mm  in  diameter  and  110  mm 

in  length)  of  cordielite  with  the  aqueous  slurry  and  then  drying  the  coated  carriers  at  130°C  for  three  hours. 
The  amount  of  the  slurry  coting  of  the  finished  catalyst  was  150  g/liter. 

10 
Examples  22  to  26  and  Controls  17  to  19 

Finished  catalyst  Nos.  13  to  17  and  No.  j  to  I  were  obtained  by  following  the  procedure  of  Example  21, 
except  that  the  cerium  oxide-containing  powder  obtained  in  Examples  15  to  19  and  Controls  14  to  16  were 

is  used  in  such  amounts  as  shown  in  Table  8. 

Control  20 

A  finished  catalyst  No.  m  was  obtained  by  following  the  procedure  of  Example  21,  except  that  100  g  of 
20  a  commercially  awailable  ceria  (85  m2/g)  was  used  instead. 

Example  20 

The  catalysts  Nos.  12-17,  and  the  catalysts  Nos.  j  -  m  of  Controls  were  sujbected  to  the  durability  test 
25  with  an  engine  and  then  tested  for  catalytic  performance. 

The  durability  test  was  performed  by  use  of  an  electronically  controlled  engine  (8  cylinders,  4,400  cc). 
The  engine  was  operated  by  a  mode  of  60  seconds'  steady  driving  and  6  seconds'  decelerated  driving 
(during  which  period  the  fuel  was  cut  and  the  sample  catalyst  was  exposed  to  an  oxidizing  atmosphere  at 
an  elevated  temperature)  and  the  sample  catalyst  as  aged  for  50  hours  under  the  conditions  such  that  the 

30  catalyst  temperature  reached  900  °C  in  the  steady  driving. 
The  evaluation  of  the  catalyst  was  performed  by  use  of  an  electronically  controlled  engine  by 

continuously  changing  the  temperature  from  200  °C  to  450  °C  by  means  of  a  heat-exchanger  and 
simultaneously  determining  the  catalyst  inlet  gas  temperature  for  the  ratios  of  removal  of  CO,  HC,  and  NOx 
to  reach  50%  (T5o)  and  the  ratio  of  removal  of  the  components  at  450  °C.  The  results  were  as  shown  in 

35  Table  9. 
It  is  clearly  noted  from  Table  9  that  the  catalysts  according  to  the  present  invention  retain  highly 

desirable  durability  even  under  harsh  conditions  as  experienced  in  an  oxidizing  atmosphere  at  elevated 
temperatures  owing  to  the  stabilization  of  cerium  oxide. 

40 

45 

50 

55 
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Table  9 

Catalyst  50%  conversion  temperature  (  °  C)  Ratio  of  purification  at  450  °  C  (%) 
No. 

CO  HC  NO  CO  HC  NO 

12  358  363  356  88  85  89 
13  341  348  338  92  86  93 
14  337  341  332  94  86  94 
15  329  334  322  95  90  94 
16  334  340  329  94  86  94 
17  327  331  319  95  90  94 

j  389  394  382  79  80  81 
k  365  367  360  68  75  69 
I  397  403  395  63  72  66 

m  403  412  401  72  68  73 

Air/fuel  ratio  of  exhaust  gas  from  engine,  A/F, 
10°C/min. 

14.6  ±  0.5,  1  Hz.  Temperature  increasing  speed 

Claims 

25  1.  A  catalyst  for  purifying  exhaust  gas  which  comprises  honeycomb  carriers  of  monolithic  structure  coated 
with  a  catalyst  composition  including  cerium  oxide,  zirconia  particles,  refractory  inorganic  oxide 
particles,  rhodium,  in  an  amount  from  0.02  to  2%  by  weight  and  at  least  one  platinum-family  metal 
consisting  of  platinum  and/or  palladium  in  an  amount  of  from  0  to  20%  by  weight,  based  on  the  catalyst 
composition,  characterised  in  that  the  zirconia  particles  are  stabilised  with  cerium  oxide  by  impregnat- 

30  ing  zirconium  oxide  or  hydroxide  having  a  specific  surface  area  of  from  60  to  200  m2/g  with  a  solution 
of  cerium  salt,  drying  and  calcining  the  resultant  impregnated  particles  until  the  plot  of  the  X-ray 
diffraction  spectrum  thereof  does  not  show  a  peak  for  the  crystalline  form  of  cerium  oxide,  the  cerium 
oxide  being  present  in  the  ceria/zirconia  composite  in  an  amount  of  from  10  to  50%  by  weight  based 
on  the  zirconia. 

35 
2.  A  catalyst  as  claimed  in  Claim  1  ,  characterised  in  that  the  zirconium  oxide  or  hydroxide  is  impregnated 

with  a  solution  of  cerium  salt  together  an  yttrium  and/or  a  calcium  salt  and  yttria  and/or  calcia  are 
present  in  an  amount  of  from  0.5  to  15%  by  weight  based  on  the  zirconia. 

40  3.  A  catalyst  as  claimed  in  Claim  1,  characterised  in  that  the  ceria/zirconia  composite  is  present  in  an 
amount  of  from  10  to  80%  by  weight  of  the  catalyst  composition. 

4.  A  catalyst  as  claimed  in  any  preceding  Claim  characterised  in  that,  after  calcination  in  air  for  10  hours 
at  a  temperature  900  °  C,  a  plot  of  the  X-ray  diffraction  spectrum  for  the  zirconia  stabilised  with  cerium 

45  oxide  shows  a  peak  for  the  tetragonal  crystal  of  zirconia  and  no  peak  for  cerium  oxide,  so  that  the 
cerium  oxide  is  incorporated  substantially  in  the  form  of  a  solid  solution  with  zirconia  or  zirconia 
together  with  yttria  and/or  calcia. 

5.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterised  in  that  the  rhodium  is  carried  on  the 
50  stabilised  zirconia  particles  and/or  the  refractory  inorganic  oxide  particles. 

6.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterised  in  that  the  rhodium  is  carried  on  the 
refractory  inorganic  oxide  particles. 

55  7.  A  catalyst  as  claimed  in  Claim  5  or  Claim  6,  characterised  in  that  the  rhodium  is  carried  in  an  amount 
of  from  1  to  20%  by  weight  based  on  the  refractory  inorganic  oxide. 

19 
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8.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterised  in  that  the  rhodium  carrying  refractory 
inorganic  oxide  is  contained  in  the  catalyst  composition  in  the  form  of  aggregate  particles  having  an 
average  diameter  in  the  range  of  0.5  to  20  urn. 

5  9.  A  catalyst  as  claimed  in  any  of  Claims  1  to  5,  characterised  in  that  the  refractory  inorganic  oxide 
particles  carry  no  rhodium. 

10.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterised  in  that  the  refractory  inorganic  oxide  is 
activated  alumina,  silica,  titania,  and/or  zirconia. 

70 
11.  A  catalyst  as  claimed  in  Claim  9,  characterised  in  that  the  refractory  inorganic  oxide  is  activated 

alumina  and  the  activated  alumina  optionally  contains  at  least  one  of  the  oxides  of  cerium,  yttrium, 
lanthanum,  neodymium,  zirconium,  iron,  barium,  nickel,  and  cobalt. 

75  12.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterised  in  that  the  platinum-family  metal  is  present 
in  an  amount  of  from  0.001  to  5%  by  weight  based  on  the  amount  of  the  catalyst  composition. 

13.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterized  in  that  the  platinum-family  metal  is  carried 
on  the  rhodium-carrying  refractory  inorganic  oxide  and/or  the  cerium  oxide,  and  or  the  refractory 

20  inorganic  oxide  carrying  no  rhodium. 

14.  A  catalyst  as  claimed  in  any  preceding  Claim,  characterized  in  that  the  catalyst  composition  is  present 
in  an  amount  of  from  50  to  300g  per  litre  of  the  carrier. 

25  15.  A  method  for  the  production  of  a  catalyst  for  purifying  exhaust  gas,  which  comprises  preparing  a 
catalyst  composition  composed  of:  (a)  zirconia  particles,  stabilised  with  cerium  oxide  obtained  by 
impregnating  zirconium  oxide  or  hydroxide  having  a  specific  surface  area  of  from  60  to  200  m2/g  with  a 
solution  of  cerium  salt,  drying  and  calcining,  whereby  the  cerium  oxide  is  present  in  an  amount  of  from 
10  to  50%  by  weight  based  on  the  zirconia,  (b)  refractory  inorganic  oxide  particles,  (c)  0.02  to  2%  by 

30  weight  of  rhodium  and  0  to  10%  by  weight  of  at  least  one  platinum-family  metal  consisting  of  platinum 
and/or  palladium,  based  on  the  catalyst  composition,  converting  the  catalyst  composition  into  an 
aqueous  slurry,  coating  honeycomb  carriers  of  monolithic  structure  with  the  aqueous  slurry,  and 
subsequently  drying  the  resultant  coated  carrier. 

35  Patentanspruche 

1.  Katalysator  zur  Abgasreinigung,  der  wabenformige  Trager  mit  monolithischer  Struktur  enthalt,  auf  die 
eine  Katalysatorzusammensetzung  aufgebracht  ist,  die  sich  aus  Ceroxid,  Zirkoniumoxidteilchen,  Teil- 
chen  aus  schwer  schmelzbarem,  anorganischen  Oxid,  Rhodium  in  einer  Menge  von  0,02  bis  2  Gew.% 

40  und  zumindest  einem  Metall  aus  der  Platingruppe,  bei  dem  es  sich  urn  Platin  und/oder  Palladium 
handelt,  in  einer  Menge  von  0  bis  20  Gew.%  bezogen  auf  die  Katalysatorzusammensetzung  zusam- 
mensetzt,  dadurch  gekennzeichnet,  dal3  die  Zirkoniumoxidteilchen  durch  Ceroxid  stabilisiert  sind,  indem 
das  Zirkoniumoxid  oder  -hydroxid,  das  eine  spezifische  Oberflache  von  60  bis  200  m2/g  hat,  mit  einer 
Cersalzlosung  getrankt  ist  und  die  daraus  erhaltenen,  getrankten  Teilchen  getrocknet  und  kalziniert 

45  sind,  bis  die  graphische  Darstellung  des  Rontgenbeugungsspektrums  keinen  Peak  der  kristallinen  Form 
des  Ceroxids  mehr  zeigt,  wobei  das  Ceroxid  in  der  Ceroxid/Zirkoniumoxid-Mischung  in  einer  Menge 
von  10  bis  50  Gew.%  bezogen  auf  das  Zirkoniumoxid  vorhanden  ist. 

2.  Katalysator  gemaB  Anspruch  1,  dadurch  gekennzeichnet,  dal3  das  Zirkoniumoxid  oder  -hydroxid  mit 
50  einer  Losung  aus  Cersalz  zusammen  mit  einem  Yttrium-  und/oder  Kalziumsalz  getrankt  ist  und 

Yttriumoxid  und/oder  Kalziumoxid  in  einer  Menge  von  0,5  bis  15  Gew.%  bezogen  auf  das  Zirkonium- 
oxid  vorhanden  sind. 

3.  Katalysator  gemaB  Anspruch  1,  dadurch  gekennzeichnet,  dal3  die  Ceroxid/Zirkoniumoxid-Mischstruktur 
55  in  einer  Menge  von  10  bis  80  Gew.%  der  Katalysatorzusammensetzung  vorhanden  ist. 

4.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichent,  daB  nach  einer  10- 
stundigen  Kalzinierung  in  Luft  bei  einer  Temperatur  von  900  °C  eine  graphische  Darstellung  des 
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Rontgenbeugungsspektrums  des  Zirkoniumoxids,  das  mit  Ceroxid  stabilisiert  ist,  einen  Peak  des 
tetragonalen  Kristalls  des  Zirkoniumoxids  und  keinen  Peak  des  Ceroxids  zeigt,  so  daB  das  Ceroxid  im 
wesentlichen  in  Form  einer  festen  Losung  mit  dem  Zirkoniumoxid  oder  mit  Zirkoniumoxid  zusammen 
mit  Yttriumoxid  und/oder  Kalziumoxid  vermischt  ist. 

5 
5.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  das  Rhodium 

auf  die  stabilisierten  Zirkoniumoxidteilchen  und/oder  die  Teilchen  aus  schwer  schmelzbarem,  anorgani- 
schen  Oxid  aufgebracht  ist. 

io  6.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  das  Rhodium 
auf  die  Teilchen  aus  schwer  schmelzbarem,  anorganischen  Oxid  aufgebracht  ist. 

7.  Katalysator  gemaB  Anspruch  5  oder  6,  dadurch  gekennzeichnet,  daB  das  Rhodium  in  einer  Menge  von 
1  bis  20  Gew.%  bezogen  auf  das  schwer  schmelzbare,  anorganische  Oxid  aufgebracht  ist. 

15 
8.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  das  schwer 

schmelzbare,  anorganische  Oxid,  auf  das  das  Rhodium  aufgebracht  wird,  als  aggregierte  Teilchen  mit 
einem  durchschnittlichen  Durchmesser  in  einem  Bereich  von  0,5  bis  20  urn  in  der  Katalysatorzusam- 
mensetzung  vorliegt. 

20 
9.  Katalysator  gemaB  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  daB  auf  die  Teilchen  aus 

schwer  schmelzbarem,  anorganischen  Oxid  kein  Rhodium  aufgebracht  ist. 

10.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  es  sich  bei 
25  dem  schwer  schmelzbaren,  anorganischen  Oxid  urn  Aluminiumoxid,  Sillziumdioxid,  Titandioxid  und/oder 

Zirkoniumoxid  handelt. 

11.  Katalysator  gemaB  Anspruch  9,  dadurch  gekennzeichnet,  daB  es  sich  bei  dem  schwer  schmelzbaren, 
anorganischen  Oxid  urn  aktiviertes  Aluminiumoxid  handelt  und  das  aktivierte  Aluminiumoxid  wahlweise 

30  zumindest  eines  der  Oxide  von  Cer,  Yttrium,  Lanthan,  Neodym,  Zirkonium,  Eisen,  Barium,  Nickel  und 
Kobalt  enthalt. 

12.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  das  Metall  der 
Platingruppe  in  einer  Menge  von  0,001  bis  5  Gew.%  bezogen  auf  die  Gesamtmenge  der  Katalysatorzu- 

35  sammensetzung  vorhanden  ist. 

13.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  das  Metall  der 
Platingruppe  auf  das  mit  Rhodium  beschichtete,  schwer  schmelzbare,  anorganische  Oxid  und/oder 
Ceroxid  und/oder  auf  das  schwer  schmelzbare,  anorganische  Oxid,  das  nicht  mit  Rhodium  beschichtet 

40  ist,  aufgetragen  ist. 

14.  Katalysator  gemaB  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daB  die  Katalysa- 
torzusammensetzung  in  einer  Menge  von  50  bis  300  g  pro  Liter  des  Tragermaterials  vorhanden  ist. 

45  15.  Verfahren  zur  Herstellung  eines  Katalysators  zur  Abgasreinigung,  bei  dem  man  eine  Katalysatorzusam- 
mensetzung  herstellt,  die  aufweist: 

(a)  Zirkoniumoxidteilchen,  die  mit  Ceroxid  stabilisiert  werden,  die  erhalten  werden,  indem  Zirkonium- 
oxid  oder  -hydroxid,  das  eine  spezifische  Oberflache  von  60  bis  200  m2/g  hat,  mit  einer  Cersalzlo- 
sung  getrankt  wird,  getrocknet  und  kalziniert  wird,  wobei  das  Ceroxid  einer  Menge  von  10  bis  50 

50  Gew.%  bezogen  auf  das  Zirkoniumoxid  vorliegt, 
(b)  Teilchen  aus  schwer  schmelzbarem,  anorganischen  Oxid, 
(c)  0,02  bis  2  Gew.%  Rhodium  und  0  bis  10  Gew.%  bezogen  auf  die  Katalysatorzusammensetzung 
zumindest  eines  Metalls  aus  der  Platingruppe,  wobei  es  sich  urn  Platin  und/oder  Palladium  handelt, 
die  Katalysatorzusammensetzung  in  eine  waBrige  Aufschlammung  uberfuhrt,  den  wabenformigen 

55  Trager  mit  monolithischer  Struktur  mit  der  waBrigen  Aufschlammung  beschichtet  und  den  so 
erhaltenen,  beschichteten  Trager  anschlieBend  trocknet. 
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Revendicatlons 

I.  Catalyseur  pour  la  purification  des  gaz  d'echappement,  qui  comprend  des  excipients  alveolaires  de 
structure  monolithique  enduits  d'une  composition  catalytique  comprenant  de  I'oxyde  de  cerium,  des 

5  particules  de  zircone,  des  particules  d'oxyde  inorganique  refractaire,  du  rhodium,  en  une  quantite  de 
0,02  a  2%  en  poids  et  au  moins  un  metal  de  la  famille  du  platine  consistant  en  le  platine  ou  le 
palladium  en  une  quantite  de  0  a  20%  en  poids,  sur  base  de  la  composition  catalytique,  caracterise  en 
ce  que  les  particules  de  zircone  sont  stabilisees  par  I'oxyde  de  cerium  par  impregnation  d'oxyde  ou 
d'hydroxyde  de  zirconium  ayant  une  surface  specifique  de  60  a  200  m2  par  g  avec  une  solution  de  sel 

io  de  cerium,  sechage  et  calcination  des  particules  impregnees  resultantes  jusqu'a  ce  que  la  representa- 
tion  du  spectre  de  diffraction  par  rayons  X  de  celles-ci  ne  presente  pas  de  pic  de  la  forme  cristalline  de 
I'oxyde  de  cerium,  I'oxyde  de  cerium  etant  present  dans  le  composite  oxyde  de  cerium/zircone  en  une 
quantite  de  10  a  50%  en  poids,  sur  base  de  la  zircone. 

is  2.  Catalyseur  suivant  la  revendication  1,  caracterise  en  ce  que  I'oxyde  ou  I'hydroxyde  de  zirconium  est 
impregne  par  une  solution  de  sel  de  cerium  avec  un  sel  d'yttrium  et/ou  de  calcium  et  I'yttria  et/ou 
I'oxyde  de  calcium  sont  presents  en  une  quantite  de  0,5  a  15%  en  poids,  sur  base  de  la  zircone. 

3.  Catalyseur  suivant  la  revendication  1  ,  caracterise  en  ce  que  le  composite  oxyde  de  cerium/zircone  est 
20  present  en  une  quantite  de  10  a  80%  en  poids  de  la  composition  catalytique. 

4.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que,  apres 
calcination  dans  I'air  pendant  10  heures  a  une  temperature  de  900  °C,  une  representation  du  spectre 
de  diffraction  des  rayons  X  de  la  zircone  stabilisee  par  I'oxyde  de  cerium  presente  un  pic  du  cristal 

25  tetragonal  de  zircone  et  pas  de  pic  d'oxyde  de  cerium,  de  sorte  que  I'oxyde  de  cerium  soit  incorpore 
sensiblement  sous  la  forme  d'une  solution  solide  avec  la  zircone  ou  avec  la  zircone  et  I'yttria  et/ou 
I'oxyde  de  calcium. 

5.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le  rhodium 
30  est  porte  par  les  particules  de  zircone  stabilisee  et/ou  les  particules  d'oxyde  inorganique  refractaire. 

6.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le  rhodium 
est  porte  par  les  particules  d'oxyde  inorganique  refractaire. 

35  7.  Catalyseur  suivant  la  revendication  5  ou  6,  caracterise  en  ce  que  le  rhodium  est  porte  en  une  quantite 
de  1  a  20%  en  poids  sur  base  de  I'oxyde  inorganique  refractaire. 

8.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  I'oxyde 
inorganique  refractaire  portant  le  rhodium  est  contenu  dans  la  composition  catalytique  sous  la  forme  de 

40  particules  d'agregat  ayant  un  diametre  moyen  dans  I'intervalle  de  0,5  a  20  urn. 

9.  Catalyseur  suivant  I'une  quelconque  des  revendications  1  a  5,  caracterise  en  ce  que  les  particules 
d'oxyde  inorganique  refractaire  ne  portent  pas  de  rhodium. 

45  10.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  I'oxyde 
inorganique  refractaire  est  de  I'alumine,  de  la  silice,  de  I'oxyde  de  titane  et/ou  de  la  zircone  actives. 

II.  Catalyseur  suivant  la  revendication  9,  caracterise  en  ce  que  I'oxyde  inorganique  refractaire  est  de 
I'alumine  activee  et  que  I'alumine  activee  contient  facultativement  au  moins  un  des  oxydes  de  cerium, 

50  yttrium,  lanthane,  neodyme,  zirconium,  fer,  baryum,  nickel  et  cobalt. 

12.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le  metal  de 
la  famille  du  platine  soit  present  en  une  quantite  de  0,001  a  5%  en  poids,  sur  base  de  la  quantite  de  la 
composition  catalytique. 

55 
13.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le  metal  de 

la  famille  du  platine  est  porte  par  I'oxyde  inorganique  refractaire  portant  le  rhodium  et/ou  I'oxyde  de 
cerium  et/ou  I'oxyde  inorganique  refractaire  ne  portant  pas  de  rhodium. 
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4.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  la  composi- 
tion  catalytique  est  presente  en  une  quantite  de  50  a  300  g  par  titre  de  I'excipient. 

5.  Procede  de  production  d'un  catalyseur  pour  la  purification  des  gaz  d'echappement,  qui  comprend  la 
preparation  d'une  composition  catalytique  composee  de  : 

(a)  des  particules  de  zircone,  stabilisees  par  de  I'oxyde  de  cerium,  obtenues  par  impregnation 
d'oxyde  ou  d'hydroxyde  de  zirconium  ayant  une  surface  specifique  de  60  a  200  m2  par  g  avec  une 
solution  de  sel  de  cerium,  sechage  et  calcination,  par  quoi  I'oxyde  de  cerium  est  present  en  une 
quantite  de  10  a  50%  en  poids  sur  base  de  la  zircone; 
(b)  des  particules  d'oxyde  inorganique  refractaire; 
(c)  0,02  a  2%  en  poids  de  rhodium'et  0  a  10%  en  poids  d'au  moins  un  metal  de  la  famille  du  platine 
consistant  en  le  platine  et/ou  le  palladium,  sur  base  de  la  composition  catalytique,  conversion  de  la 
composition  catalytique  en  une  boue  aqueuse,  enduction  d'excipients  alveolaires  de  structures 
monolithique  par  la  boue  aqueuse  et,  ensuite,  sechage  de  I'excipient  enduit  resultant. 
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