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Description 

This  invention  relates  to  a  catalyst  and  to  its  use  for  reducing  the  content  of  noxious  components,  partic- 
ularly  nitrogen  oxides,  in  a  flue  gas. 

5  Nitrogen  oxides  in  flue  gases  are  well-known  to  pollute  the  atmosphere  if  the  flue  gas  is  not  treated  to 
remove  them  before  the  flue  gas  is  released  into  the  atmosphere.  Large  amounts  of  fossil  fuels  are  burnt,  par- 
ticularly  in  stationary  combustion  plants,  in  order  to  meet  the  increasing  world  energy  requirements.  The  flue 
gas  contains  nitrogen  oxides  (collectively  referred  to  as  NOx,  usually  NO  and  N02),  also  oxygen. 

One  approach  to  reduce  the  content  of  nitrogen  oxides  in  a  flue  gas  containing  them  and  oxygen  is  by 
10  their  selective  catalytic  reduction  to  form  nitrogen  and  water.  This  is  usually  carried  out  by  admixing  ammonia 

with  the  flue  gas  and  passing  the  mixture  over  a  catalyst  comprising  catalytic  material  on  a  support.  The  overall 
reaction  may  be  expressed  by  the  two  equations: 

4NO  +  4NH3  +  02  —  »4N2  +  6H20  (1) 

15  6N02  +  8NH3  —  »7N2  +  12H20  (2) 
Reaction  (1)  dominates  the  process  as  the  nitrogen  oxides  are  principally  nitric  oxide. 

Avariety  of  catalytic  materials  are  known  for  this  selective  catalytic  reduction,  particularly  vanadium  pent- 
oxide.  However,  vanadium  pentoxide  exhibits  its  optimum  catalytic  activity  at  temperatures  of  300-500°C. 
Such  a  high  temperature  for  optimum  activity  is  a  severe  limitation.  Particulates  in  the  gas  stream  tend  to  re- 

20  duce  the  life  of  a  catalyst,  so  the  catalyst  is  sited  after  the  particulate  removal  section.  If  the  catalyst  is  sited 
downstream  to  a  point  where  the  temperature  of  the  flue  gas  has  declined  to  below  the  operating  temperature 
of  the  catalyst  then  it  is  necessary  to  introduce  a  reheat  facility  to  raise  the  flue  gas  back  up  to  the  operating 
temperature.  In  addition,  high  levels  of  sulphur  dioxide  in  the  flue  gas  tends  to  reduce  the  life  of  commercial 
catalysts,  and  hence  most  are  used  in  clean  fuel  systems,  whose  flue  gas  contains  only  low  levels  of  sulphur 

25  dioxide. 
We  have  now  discovered  an  outstanding  new  catalyst  for  this  method. 
Accordingly,  the  invention  provides  a  catalyst  comprising  catalytic  material  on  a  support,  the  catalytic  ma- 

terial  comprising  platinum,  and  the  support  consisting  essentially  of  at  least  one  of  zirconia,  tin  oxide  and  ti- 
tania,  which  catalyst  contains  less  than  400  parts  per  million  of  chlorine  atoms  based  on  the  weight  of  catalytic 

30  material  plus  support.  The  catalyst  is  usually  on  a  carrier  such  as  a  monolith,  as  is  discussed  hereafter. 
The  invention  provides  also  a  method  for  reducing  the  content  of  nitrogen  oxides  in  a  flue  gas  containing 

them,  oxygen  and  5-3000  parts  per  million  by  volume  of  sulphur  dioxide  by  admixing  ammonia  with  the  flue 
gas  and  passing  the  mixture  over  the  catalyst. 

The  present  method  achieves  a  high  conversion  of  nitrogen  oxides  at  relatively  low  temperatures.  Con- 
35  sequently,  it  has  a  low  reheat  requirement  and  the  potential  for  easy  retrofit  at  virtually  any  point  in  the  flue 

gas  train  downstream  of  the  particulate  removal  section. 
In  addition,  the  present  method  resists  high  levels  of  sulphur  dioxide,  and  hence  can  be  employed  in  both 

high  and  low  sulphur  dioxide  environments. 
Catalysts  comprising  catalytic  material  on  a  support  wherein  the  catalytic  material  comprises  platinum  are 

40  known  for  use  in  various  fields.  They  are  generally  made  employing  a  chloride;  we  have  discovered  that  the 
present  catalyst  is  surprisingly  better  than  one  containing  more  chloride  and  that  the  presence  of  chloride  in 
the  catalyst  is  deleterious  in  the  present  method.  The  known  catalysts  are  generally  made  employing  alumina 
as  the  support;  we  have  discovered  that  the  present  catalyst  is  surprisingly  betterthan  one  in  which  the  support 
consists  of  alumina,  since  the  alumina  tends  not  to  last  in  the  present  method. 

45  US  specif  ication  3864451  discloses  a  method  for  removing  nitric  oxide,  in  the  presence  of  sulphur  dioxide, 
from  combustion  flue  gases  containing  nitric  oxide,  oxygen,  carbon  monoxide,  carbon  dioxide,  water  vapour, 
unburned  fuel,  particulate  matter  and  sulphur  dioxide,  by  mixing  ammonia  with  the  flue  gas,  the  amount  of 
ammonia  by  volume  being  at  least  equal  to  the  volume  of  nitric  oxide,  and  contacting  the  resulting  mixture  of 
flue  gas  and  ammonia  with  a  catalyst  selected  from  the  group  consisting  of  platinum  group  metals  such  as 

50  platinum,  and  transition  metals  such  as  vanadium,  molybdenum,  nickel,  copper,  cobalt,  chromium,  oxides 
thereof  and  mixtures  thereof,  the  temperature  of  the  catalyst  being  in  the  case  of  platinum  between  525  and 
700°F  (274  and  371  °C)  and  in  the  case  of  the  other  catalysts  between  500  and  1000°F  (260  and  538°C).  The 
specification  makes  no  mention  of  whether  chlorine  atoms  are  employed  in  the  production  of  the  platinum  cat- 
alyst  and  no  mention  of  zirconia,  tin  oxide  or  titania. 

55  European  specification  01  07923A  discloses  that  platinum  gold  catalysts  are  useful  in  reducing  NOx  with 
ammonia  and  oxygen  over  the  range  of  from  about  225  to  400°C,  but  that  this  catalyst  is  preferably  placed 
downstream  of  a  vanadium  pentoxide  catalyst  so  that  the  vanadium  pentoxide  reduces  much  of  the  NOx  while 

2 



EP  0  457  480  B1 

the  platinum  gold  decomposes  the  unreacted  ammonia.  The  specification  states  that  the  gas  treated  in  its  in- 
vention  may  be  effluent  from  various  nitration  processes,  an  internal  combustion  gas  ordiesel  engine,  and 
the  like.  The  specification  makes  no  mention  of  sulphur  dioxide.  In  every  Example  of  the  production  of  its  pla- 

5  tinum  gold  catalyst,  chlorine  atoms  are  employed  and  zirconia,  tin  oxide  or  titania  is  not  employed. 
US  specification  2975025  discloses  a  process  for  effecting  selective  reduction  reactions  of  gases  con- 

taining  1  to  22%  oxygen,  trace  to  2%  each  of  gases  selected  from  the  group  consisting  of  NO  and  N02,  and 
remainder  inert,  which  comprises  contacting  in  a  reaction  zone  an  admixture  of  the  gases  and  ammonia  at 
reaction  temperature  with  a  platinum  group  metal-containing  catalyst  whereby  selective  reduction  of  the  oxides 

10  of  nitrogen  is  effected.  There  is  no  mention  of  whether  chlorine  atoms  are  employed  in  the  production  of  its 
platinum  catalyst,  no  mention  of  sulphur  dioxide  and  no  mention  of  zirconia,  tin  oxide  or  titania. 

US  specification  4732743  discloses  a  process  for  removing  nitrogen  oxides  (NOx)  from  an  exhaust  gas 
largely  avoiding  formation  of  inactivating  deposits  on  the  catalyst  comprising  the  steps  of  forming  a  mixture 
of  ammonia  and  the  exhaust  gas  and  contacting  the  resulting  mixture  with  a  reducing  catalyst  at  a  temperature 

15  from  about  150  to  250°C  wherein  the  time  between  the  formation  of  the  mixture  and  the  occurance  of  contact 
between  the  mixture  and  the  catalyst  is  at  most  1  second.  The  specification  is  not  primarily  concerned  with 
the  particular  catalyst,  and  makes  no  mention  of  whether  chlorine  atoms  are  employed  in  the  production  of 
any  platinum  catalyst,  and  no  mention  of  zirconia,  tin  oxide  or  titania. 

GB  specification  1564644  discloses  a  method  of  catalytically  reducing  nitrogen  oxides  in  an  exhaust  gas 
20  which  comprises  contacting  the  exhaust  gas,  at  a  temperature  of  200  to  600°C  in  the  presence  of  oxygen  and 

ammonia,  with  a  catalyst  comprising  at  least  one  component  selected  from  tin,  the  lanthanides,  metals  of  Group 
1  B,  5A,  6A,  7Aand  8  of  the  periodic  table  and  compounds  thereof  which  is  supported  on  a  material  comprising 
a  main  component  of  calcium  silicate.  None  of  the  Examples  employs  platinum  and  none  employs  zirconia, 
tin  oxide  or  titania. 

25  The  present  method  is  particularly  useful  for  treating  the  flue  gas  from  stationary  power  plants  in  which 
fossil  fuels,  especially  hydrocarbons  or  coal,  are  burnt  to  provide  electricity.  The  nitrogen  oxides  in  the  flue 
gas  treated  usually  consist  principally,  say  at  least  80%  by  volume,  of  nitric  oxide.  Generally  the  nitric  oxide 
constitutes  90-95%  by  volume  of  the  nitrogen  oxides.  The  flue  gas  usually  contains  20-400,  for  instance  100 
to  400,  parts  per  million  (ppm)  of  nitric  oxide.  Parts  per  million  of  gaseous  material  herein  are  by  volume.  The 

30  flue  gas  contains  5-3000,  usually  5-2000,  ppm  of  sulphur  dioxide.  It  is  a  particular  advantage  of  the  present 
method  that  it  can  be  used  to  treat  a  flue  gas  whose  sulphur  dioxide  content  is  high,  say  at  least  30,  especially 
at  least  100,  ppm,  for  instance  100-1000ppm,  of  sulphur  dioxide.  The  flue  gas  usually  contains  at  least  1%, 
for  instance  1-20%,  by  volume  of  oxygen.  The  flue  gas  usually  contains  5-20%  by  volume  of  water  vapour.  The 
flue  gas  usually  contains  a  large  amount  of  nitrogen,  for  instance  60-90%  by  volume.  The  remainder  of  the 

35  flue  gas  after  accounting  for  these  various  components  is  usually  principally  by  volume  carbon  dioxide. 
The  present  method  achieves  a  high  conversion  of  the  nitric  oxide  to  nitrogen.  Usually  at  least  70%,  pre- 

ferably  at  least  80%  and  especially  at  least  90%,  for  instance  95-99%,  is  converted.  Though  the  catalyst  can 
be  used  at  a  temperature  of  140-280°C,  it  is  preferred  that  it  be  at  180-240°C. 

The  present  method  can  be  conducted  in  ways  known  for  use  of  prior  art  catalysts  in  the  catalystic  reduc- 
40  tion  of  the  present  flue  gas  with  ammonia.  The  volume  of  ammonia  admixed  with  the  flue  gas  is  usually  0.8- 

1.2,  preferably  0.9-1.1,  times  the  volume  of  the  nitrogen  oxides.  The  mixture  of  flue  gas  and  ammonia  is  usually 
passed  over  the  catalyst  at  5,000-200,000,  preferably  20,000-100,000,  volumes  of  gas  per  volume  of  catalyst 
per  hour.  The  present  catalyst  is  usually  on  a  carrier,  preferably  a  monolithic  carrier  such  as  a  honeycomb- 
shaped  monolithic  carrier.  The  monolithic  carrier  can  be  ceramic  but  preferably  is  metallic.  Other  known  car- 

45  riers,  such  as  pellets  or  spheres,  are  also  suitable. 
The  catalyst  contains  less  than  400,  preferably  less  than  100,  ppm  of  chlorine  atoms  based  on  the  weight 

of  catalytic  material  plus  support.  Some  supports  already  contain  chlorine  atoms;  commercially  available  zir- 
conia,  for  instance,  usually  contains  about  37ppm  by  weight  of  chlorine. 

GP  specification  1564644,  mentioned  above,  advocates  the  use  of  sulphuric  acid  in  the  production  of  its 
so  catalyst.  In  contrast,  in  the  present  invention  sulphate  is  preferably  avoided  in  the  production  of  the  catalyst, 

as  the  presence  of  sulphate  on  the  surface  of  the  catalyst  tends  to  be  deleterious.  Preferably,  the  present  cat- 
alyst  contains  less  than  400,  for  instance  less  than  100,  ppm  of  sulphate  moieties  based  on  the  weight  of  cat- 
alytic  material  plus  support. 

The  catalytic  material  in  the  present  invention  usually  constitutes  0.01  to  10%  by  weight  of  the  catalytic 
55  material  plus  support.  Percentages  of  catalyst  components  herein  are  by  weight. 

The  catalytic  material  comprises  platinum.  It  can  consist  of  platinum  or  a  mixture  (including  alloys  etc)  of 
platinum  and  other  components.  Preferred  such  other  components  are  one  or  more,  usually  one,  of  manga- 
nese,  iron,  cobalt,  copper,  chromium,  nickel,  rhodium,  ruthenium  and  gold,  especially  manganese,  iron,  cobalt, 
copper,  chromium,  nickel,  rhodium  and  ruthenium.  The  weight  proportions  of  platinum  to  total  other  catalytic 

3 



EP  0  457  480  B1 

material  is  usually  1:0-2.  the  components  of  the  catalytic  material  are  expressed  herein  for  convenience  in 
terms  of  the  elements,  but  it  will  be  understood  (see  for  instance  European  specification  107923  referred  to 
above)  that  the  component  may  be  in  active  combined  form  and  particularly  that  transition  metals  may  be  in 

5  the  form  of  their  oxides.  Usually,  however,  at  least  a  proportion  of  the  platinum  is  in  the  form  of  the  element, 
and  is  conveniently  converted  to  that  form  for  use.  Weight  ratios  herein  refer  to  the  equivalent  weights  of  the 
elements. 

The  support  consists  essentially  of  one  or  more,  especially  one  of  zirconia,  tin  oxide  and  titania.  Advan- 
tageous  is  a  support  consisting  essentially  of  zirconia  or  tin  oxide.  It  is  especially  preferred  that  the  support 

10  consists  essentially  of  zirconia. 
The  present  catalyst  usually  has  a  surface  area  of  at  least  20  square  metres  per  gram,  for  instance  20- 

300  square  metres  per  gram,  as  measured  by  the  Brunauer,  Emmett  and  Teller  technique. 
The  present  catalyst  can  be  made  and  used  in  conventional  ways  except  that  it  contains  less  than  400 

ppm  by  weight  chlorine  atoms  and  that  the  support  consists  essentially  of  at  least  one  of  zirconia,  tin  oxide 
15  and  titania.  The  catalyst  is  preferably  prepared  from  the  catalytic  material  or  precursor  thereof,  and  the  support 

or  precursor  thereof,  without  the  addition  of  chlorine  atoms,  but  it  can  be  prepared  with  such  addition  but  with 
sufficient  subsequent  removal  of  such  atoms.  It  has  been  found  that  simple  calcination  of  a  chlorine-containing 
intermediate  tends  not  to  reduce  the  chlorine  content  sufficiently.  Otherwise,  the  catalyst  can  be  prepared  in 
ways  conventional  in  themselves. 

20  Catalytic  material  precursor  can  be  distributed  on  the  support,  for  instance  by  impregnating  the  support 
with  an  aqueous  non-chlorine-containing  salt  of  catalytic  material,  and  this  intermediate  converted,  for  instance 
by  calcination,  to  catalytic  material  on  the  support.  Alternatively,  the  support  can  be  impregnated  with  a  chlor- 
ine-containing  salt  of  catalytic  material,  the  impregnated  material  treated,  for  instance  by  hydrolysis  and/or  re- 
duction,  to  bind  the  catalytic  material  in  a  form  which  does  not  contain  chlorine  to  the  support,  and  this  inter- 

25  mediate  washed  to  remove  chlorine  before  drying  or  calcination.  Alternatively  again,  catalytic  material  and  sup- 
port  can  be  co-precipitated.  When  the  catalytic  material  consists  of  two  or  more  components,  these  or  their 
precursors  can  be  applied  to  the  support  separately,  or  preferably  together. 

In  contrast  to  the  method  disclosed  in  European  specification  107923  referred  to  above,  the  present  meth- 
od  is  preferably  not  used  in  association  with  a  stage  in  which  flue  gas  is  treated  with  ammonia  in  contact  with 

30  a  vanadium  pentoxide  catalyst;  the  single  stage  is  sufficient. 
The  invention  is  illustrated  by  the  following  Examples. 

EXAMPLE  1 

35  Preparation  of  a  1%  Pt/Sno2Catalyst  by  Co-precipitation 

A  weight  of  H2PtCI4  equivalent  to  0.2g  of  platinum  was  dissolved  in  200ml  deionised  water  and  0.2g  of  so- 
dium  citrate  (Na3C6H507.2H20)  added.  The  resultant  mixture  was  heated  to  boiling  and  boiled  for  1  hour  to 
give  a  colloid. 

40  40gof  tin  chloride  (SnCI4.5H20)  were  dissolved  in  750ml  of  deionised  waterand  heated  to  60°C.  The  colloid 
from  the  reaction  of  H2PtCI6  with  citrate  was  added  and  the  mixture  stirred  continuously  whilst  dilute  NH4OH 
solution  was  added  slowly.  When  the  pH  of  the  resultant  suspension  reached  8.0,  addition  was  stopped.  2ml 
of  37%  formaldehyde  solution,  diluted  to  100ml,  was  then  added  and  the  resultant  mixture  boiled  for  30  min- 
utes.  The  precipitate  produced  was  filtered  hot,  washed  with  water  until  free  of  chloride  ions  and  then  dried 

45  at  105°C.  The  resulting  catalyst  had  a  chlorine  content  of  84ppm  by  weight. 

Example  2 

The  catalyst  prepared  in  Example  1  was  tested  as  a  powder  in  a  laboratory-generated  gas  and  the  following 
so  percent  conversions  of  nitrogen  oxides  to  nitrogen  at  various  temperatures  obtained.  The  gas  flowed  at  a  gas 

hourly  space  velocity  of  20000  and  consisted  of: 
200ppm  NO 
200ppm  NH3 
5%  Oxygen 

55  with  the  remainder  nitrogen. 
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Percent  Conversion  of  N0  ̂ to  N,, 

Temperature  "C  160  180  200  220  240  260  280 

99  99  99.5  99.5  96  87  68 

10  Example  3 

Preparation  of  a  1%  Pt  on  ZrQ2  Catalyst 

0.4g  of  platinum  as  K2PtCI4  was  dissolved  in  1  00ml  of  water  and  heated  to  60°C.  3ml  of  a  1  %  solution  of 
15  sodium  hydroxide  was  added  with  stirring  to  form  a  dark  solution. 

40g  of  Zr02  powder  was  slurried  in  6  litres  of  deionised  water  and  heated  to  60°C.  The  pH  of  the  slurry 
was  adjusted  to  7.5  by  addition  of  sodium  hydroxide  solution.  The  dark  solution  from  the  K2PtCI4  was  then 
poured  in  with  stirring  and  the  resultant  suspension  maintained  at  60°C  for  30  minutes.  The  suspension  was 
then  boiled  and  2.5ml  of  37%  HCHO  added  slowly.  The  suspension  was  boiled  for  a  further  1  hour  and  then 

20  filtered  hot. 
The  residue  was  washed  free  of  chloride  and  dried  at  105°C.  The  resulting  catalyst  had  a  chlorine  content 

of  45  ppm  by  weight. 

Example  4 
25 

The  catalyst  prepared  in  Example  3  was  tested  as  a  powder  in  the  test  described  in  Example  2.  The  fol- 
lowing  results  were  obtained: 

Percent  Conversion  Qf  NO  to  N 30  "  •  —  x  -2 
Temperature  °C  160  180  200  220  2^0  2^0  280 

88  89  92  93  89  76  50 

35 
Example  5 

Preparation  of  1%  Pt  on  ZrQ2  Catalyst 

40  20g  of  Zr02  powder  was  slurried  in  1  litre  of  deionised  water.  K2PtCI4of  a  weight  equivalent  to  0.2g  of  pla- 
tinum  was  dissolved  in  250ml  of  deionised  water  and  added  to  the  slurry.  The  resulting  suspension  was  heated 
to  70°C  for  1  hour.  2-5ml  of  37%  HCHO  was  then  added  and  the  mixture  heated  to  boiling  for  15  minutes. 

The  mixture  was  filtered  hot,  and  the  residue  washed  free  of  chloride  ions  with  deionised  water.  The  prod- 
uct  was  dried  at  110°C. 

45  The  resulting  catalyst  contained  65ppm  by  weight  of  chlorine  atoms. 

Example  6 

The  catalyst  prepared  in  Example  5  was  tested  in  the  test  described  in  Example  2  except  that  the  gas  con- 
50  tained  also  1  0%  by  volume  of  water  vapour  and  correspondingly  less  nitrogen.  The  following  results  were  ob- 

tained: 

Percent  Conversion  of  NO  to  N» 

Temperature  °C  160  180  200  220  240  260  280 

88  89  92  93  89  76  50 

30 
Temperature  °C 

5 
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Example  7 

Preparation  of  1%  Pt/0.3%Mn  on  TiQ2  Catalyst 

H2PtCI6  of  a  weight  equivalent  to  0.2g  of  platinum  was  dissolved  in  300ml  of  deionised  water  0.32g  of  so- 
dium  citrate  (Na3C6H507.2H20)  was  added  and  the  solution  heated  to  boiling,  and  held  at  the  boil  for  30  min- 
utes.  0.2g  of  MnCI2.4H20  was  dissolved  in  20ml  of  deionised  water  and  added  to  the  boiling  platinum  solution. 
Boiling  was  continued  for  a  further  30  minutes. 

20g  of  high  surface  area  Ti02  was  suspended  in  1  litre  of  deionised  water  and  heated  to  70°C.  The  plati- 
num/manganese  "colloid"  solution  prepared  as  described  above  was  poured  into  the  suspension  and  the  pH 
of  the  resulting  mixture  adjusted  to  8.5  using  dilute  NH4OH  solution.  2ml  of  37%  formaldehyde  solution  diluted 
to  100ml  with  deionised  water  was  then  added  slowly.  The  mixture  was  boiled  for  1  hour,  filtered  hot  and  wash- 
ed  chloride  free.  The  resulting  catalyst  contained  120ppm  by  weight  of  chlorine  atoms. 

Example  8 

The  catalyst  prepared  in  Example  7  was  tested  in  the  test  described  in  Example  2.  The  following  results 
were  obtained: 

Percent  Conversion  of  NO  to  N0 

Temperature  "C  160  180  200  220  240  260  280 

99.5  100  100  86  39  11  0 

Examples  9-20 

The  following  catalysts,  which  each  contained  below  1  0Oppm  by  weight  of  chlorine  atoms,  were  prepared 
by  a  controlled  hydrolysis  process  similar  to  that  described  in  Example  1  ,  3  or  7.  The  catalysts  were  tested  as 
powders  in  the  test  described  in  Example  6  and  gave  the  following  results: 

6 
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Percent  Conversion  of  NQ;e  to  

Temperature  "C  140  160  180  200  220  240  260  280 

C a t a l y s t  

1%  Pt/Zr02  88  88  89  92  93  89  76 

2%  Pt/Zr02  97  99  99  99  97  89  73 

10X  Pr/Zr02  99  99  99  99  95  83 

lZPt/ .3ZMn/Zr02  96  99  99  99  99  99  97  85 

U P t / . 3 Z F e / Z r 0 2   94  99  99  99  99  99  98  95 

U P t / . 3 Z C o / Z r 0 2   92  98  98  98  97  89 

UPt / .3%Cu/Zr02   99  99  99  99  99  99  97  80 

U P t / . 3 X C r / Z r 0 2   99  98  99  99  96  92 

lXPt / .3XNi/Zr02  84  93  91  84  75 

lXPt/ .3XRh/Zr02  98  96  93  91  92  88  75 

« P t / . 6 X R u / Z r 0 2   92  95  99  99  98  90 

l%Pt/l%Au/Zr02  99  99  99  99  99  96  85 

Examples  21-24 

The  catalysts  of  Examples  9,  10,  17  and  15  were  tested  as  powders  in  a  laboratory-generated  gas  which 
flowed  at  a  gas  hourly  space  velocity  of  20000  and  consisted  of: 

200ppm  NO 
200ppm  NH3 
200ppm  S02 
5%  oxygen 
5%  water  vapour 
with  the  remainder  nitrogen. 

The  following  percent  conversions  of  nitrogen  oxides  to  nitrogen  were  obtained: 

Percent  Conversion  of  NO  to  N., 

Temperature  140  160  180  200  220  240  260  280 

C a t a l y s t  

12  Pt/Zr02  78  91  93  91  92  94  94  92 

27.  Pr/Zr02  9S  B7  92  86  83  74 

17.  Pt / .3£Ni/Zr02  77  S3  93  SI  -  SO  SO  SO  83 

17.  Pt/.3ZCu/ZrO,  95  91'  95  S5  90  80 
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Example  25 

A  ceramic  monolith  block  of  400  square-section  cells  per  square  inch  (62  cells  per  square  cm)  was  coated 
5  with  a  1%  platinum  on  zirconia  catalyst  powder  using  a  hydrous  zirconia  gel  to  form  a  suitable  coating  medium. 

The  catalyst  contained  84ppm  by  weight  of  chlorine  atoms.  1  .7g  of  the  catalyst  were  employed  on  a  24.5cm3 
monolith. 

The  resulting  catalyst  on  a  carrier  was  tested  in  a  laboratory-generated  gas  which  flowed  at  a  gas  hourly 
space  velocity  of  5000  with  respect  to  the  monolith  and  consisted  of: 

w  200ppm  NO 
200ppm  NH3 
5%  oxygen 
6%  water  vapour 
with  the  remainder  nitrogen 

15  The  following  percent  conversions  of  nitrogen  oxides  to  nitrogen  were  obtained: 

Percent  Conversions  of  N0  ̂ to  N,, 

20  Temperature  °C  140  160  180  200  220  240  260  280 

99  92.5  97  99.5  100  99  92.5  64 

25  Comparative  Example  1 

Preparation  of  1%Pt/SnQ2  with  a  Conventional  Chloride  Content 

The  water  pore  volume  Sn02  was  measured  by  adding  water  to  a  weighed  sample  until  it  just  showed  signs 
30  of  wetness.  The  value  obtained  was  0.5cm3g-1  . 

0.36g  of  (NH3)4PtCI2(55.49%Pt)  was  dissolved  in  deionised  water  and  the  volume  made  up  to  10cm3.  This 
water  pore  volume  of  solution  was  used  to  impregnate  20g  of  the  Sn02  powder  with  stirring.  The  impregnated 
material  was  dried  overnight  at  110°C  then  calcined  in  air  at  300°C  for  2  hours.  The  chlorine  content  of  the 
resulting  catalyst  was  measured  and  found  to  be  2000ppm  by  weight. 

35 
Comparative  Example  2 

The  catalyst  prepared  in  Comparative  Example  1  was  tested  as  a  powder  in  the  test  described  in  Example 
2.  The  following  results  were  obtained: 

40 

Percent  Conversion  of  N0.f  to  N,, 

Temperature  °C  160  180  200  220  240  260  280 

45  72  93  74  48  39  9  0 

Comparative  Example  3 

so  Preparation  of  a  1%Pt  on  ZrQ2  Catalyst  with  a  Conventional  Chloride  Content 

The  water  pore  column  of  the  Zr02  was  measured  by  adding  water  to  a  weighed  sample  until  it  just  showed 
signs  of  wetness.  The  weight  of  water  was  then  measured  and  a  value  for  the  incipient  wetness  of  the  zirconia 
calculated.  The  value  was  1cm3g-1. 

55  0.18g  of  (NH3)4PtCI  (55.49%Pt)  was  dissolved  in  deionised  water  and  made  up  to  10cm3.  The  Zr02  was 
impregnated  with  this  solution,  with  stirring,  and  the  resultant  material  dried  overnight  at  110°C.  The  powder 
was  then  calcined  in  air  at  500°C  for  2  hours.  The  resulting  catalyst  contained  about  2000ppm  by  weight  of 
chlorine  atoms. 

8 
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Comparative  Example  4 

The  catalyst  prepared  in  Comparative  Example  3  was  tested  in  the  test  described  in  Example  2.  The  fol- 
5  lowing  results  were  obtained: 

Percent  Conversion  of  NO  ̂ to  N,, 

Temperature  °C  160  180  200  220  240  260  280 
w 

78  86  86  75  60  48  37 

15 
Claims 

1  .  A  method  for  reducing  the  content  of  nitrogen  oxides  in  a  flue  gas  containing  them,  oxygen  and  5-3000ppm 
by  volume  of  sulphur  dioxide  by  admixing  ammonia  with  the  flue  gas  and  passing  the  mixture  over  a  cat- 

20  alyst  comprising  catalytic  material  on  a  support,  the  catalytic  material  comprising  platinum,  and  the  sup- 
port  consisting  essentially  of  at  least  one  of  zirconia,  tin  oxide  and  titania,  which  catalyst  contains  less 
than  400ppm  of  chlorine  atoms  based  on  the  weight  of  catalytic  material  plus  support. 

2.  A  method  according  to  claim  1  wherein  the  support  consists  essentially  of  zirconia. 
25 

3.  A  method  according  to  claim  1  wherein  the  support  consists  essentially  of  tin  oxide. 

4.  A  method  according  to  claim  1  wherein  the  support  consists  essentially  of  titania. 

5.  A  method  according  to  anyone  of  the  preceding  claims  wherein  the  catalytic  material  contains  also  man- 
30  ganese,  iron,  cobalt,  copper,  chromium,  nickel,  rhodium  or  ruthenium. 

6.  A  method  according  to  any  one  of  the  preceding  claims  wherein  the  catalyst  is  on  a  monolithic  carrier. 

7.  A  method  according  to  any  one  of  the  preceding  claims  wherein  the  catalyst  is  at  a  temperature  of  180- 
35  240°C. 

8.  A  method  according  to  any  one  of  the  preceding  claims  wherein  the  flue  gas  contains  30-3000ppm  by 
volume  of  sulphur  dioxide. 

40  9.  A  catalyst  comprising  catalytic  material  on  a  support,  the  catalytic  material  comprising  platinum,  and  the 
support  consisting  essentially  of  at  least  one  of  zirconia  and  titania,  which  catalyst  contains  less  than 
400ppm  of  chlorine  atoms  based  on  the  weight  of  catalytic  material  plus  support. 

10.  A  catalyst  according  to  claim  9  wherein  the  support  consists  essentially  of  zirconia. 

45  11.  A  catalyst  according  to  claim  9  wherein  the  support  consists  essentially  of  titania. 

12.  A  catalyst  according  to  any  one  of  claims  9-11,  wherein  the  catalytic  material  contains  also  manganese, 
iron,  cobalt,  copper,  chromium,  nickel,  rhodium  or  ruthenium. 

50  13.  Acatalyst  according  to  any  one  of  claims  9-12  which  is  on  a  monolithic  carrier. 

14.  A  process  for  preparing  a  catalyst  claimed  in  any  one  of  claims  9-13,  wherein  the  catalytic  material  and 
support  are  co-precipitated. 

55 
Patentanspruche 

1.  Verfahren  zur  Verminderung  des  Gehalts  an  Stickstoffoxiden  in  einem  Rauchgas,  das  diese,  Sauerstoff 
und  5  bis  3.000  ppm,  bezogen  auf  Volumen,  an  Schwefeldioxid  enthalt,  indem  Ammoniak  mit  Rauchgas 
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vermischt  wird  und  die  Mischung  uber  einen  Katalysator  geleitet  wird,  der  ein  katalytisches  Material  auf 
einem  Trager  umfalit,  wobei  das  katalytische  Material  Platin  enthalt  und  der  Trager  im  wesentlichen  aus 
mindestens  einem  der  Bestandteile  Zirconoxid,  Zinnoxid  und  Titandioxid  besteht,  wobei  der  Katalysator 

5  weniger  als  400  ppm  Chloratome,  bezogen  auf  das  Gewicht  des  katalytischen  Materials  plus  Trager,  ent- 
halt. 

2.  Verfahren  nach  Anspruch  1  ,  worin  der  Trager  im  wesentlichen  aus  Zirconoxid  besteht. 

10  3.  Verfahren  nach  Anspruch  1  ,  worin  der  Trager  im  wesentlichen  aus  Zinnoxid  besteht. 

4.  Verfahren  nach  Anspruch  1  ,  worin  der  Trager  im  wesentlichen  aus  Titandioxid  besteht. 

5.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  das  katalytische  Material  auch  Mangan,  Ei- 
sen,  Kobalt,  Kupfer,  Chrom,  Nickel,  Rhodium  oder  Ruthenium  enthalt. 

15 
6.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  der  Katalysator  auf  einem  monolithischen 

Trager  ist. 

7.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  der  Katalysator  eine  Temperatur  von  180 
20  bis  240°C  hat. 

8.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  das  Rauchgas  30  bis  3.000  ppm,  bezogen 
auf  Volumen,  Schwefeldioxid  enthalt. 

25  9.  Katalysator  umfassend  katalytisches  Material  auf  einem  Trager,  wobei  das  katalytische  Material  Platin 
umfalit  und  der  Trager  im  wesentlichen  aus  mindestens  einem  der  Bestandteile  Zirconoxid  und  Titandi- 
oxid  besteht,  wobei  der  Katalysator  weniger  als  400  ppm  Chloratome,  bezogen  auf  das  Gewicht  des  ka- 
talytischen  Materials  plus  Trager,  enthalt. 

3o  
10.  Katalysator  nach  Anspruch  9,  worin  der  Trager  im  wesentlichen  aus  Zirconoxid  besteht. 

11.  Katalysator  nach  Anspruch  9,  worin  der  Trager  im  wesentlichen  aus  Titandioxid  besteht. 

12.  Katalysator  nach  einem  der  Anspruche  9  bis  11,  worin  das  katalytische  Material  auch  Mangan,  Eisen,  Ko- 
balt,  Kupfer,  Chrom,  Nickel,  Rhodium  oder  Ruthenium  enthalt. 

35 
13.  Katalysator  nach  einem  der  Anspruche  9  bis  12,  dersich  auf  einem  monolithischen  Trager  befindet. 

14.  Verfahren  zur  Herstellung  eines  Katalysators  nach  einem  der  Anspruche  9  bis  13,  worin  das  katalytische 
Material  und  der  Trager  zusammen  ausgefallt  werden. 

40 

Revendications 

1.  Precede  pour  abaisser  la  teneur  en  des  oxydes  de  I'azote  dans  un  gaz  brule,  ou  gaz  de  carneau,  qui 
45  contient  ces  oxydes  ainsi  que  de  I'oxygene  et  5  a  3  000  ppm  en  volume  de  dioxyde  de  soufre,  par  incor- 

poration  d'ammoniac  au  gaz  de  carneau  et  passage  du  melange  sur  un  catalyseur  comprenant  de  la  ma- 
tiere  catalytique  sur  un  support,  la  matiere  catalytique  comportant  du  platine  et  le  support  consistant  es- 
sentiellement  en  au  moins  I'un  des  oxydes  que  sont  de  I'oxyde  de  zirconium,  de  I'oxyde  d'etain  et  de  I'oxy- 
de  de  titane,  ce  catalyseur  contenant  moins  de  400  ppm  d'atomes  de  chlore,  sur  la  base  du  poids  de  la 

5o  matiere  catalytique  plus  le  support. 

2.  Precede  selon  la  revendication  1,  dans  lequel  le  support  consiste  essentiellement  en  de  I'oxyde  de  zir- 
conium. 

55  
3.  Precede  selon  la  revendication  1  ,  dans  lequel  le  support  consiste  essentiellement  en  de  I'oxyde  d'etain. 

4.  Precede  selon  la  revendication  1  ,  dans  lequel  le  support  consiste  essentiellement  en  de  I'oxyde  de  titane. 

5.  Precede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  matiere  catalytique 
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contient  egalement  du  manganese,  du  fer,  du  cobalt,  du  cuivre,  du  chrome,  du  nickel,  du  rhodium  ou  du 
ruthenium. 

6.  Precede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  catalyseur  est  place  sur 
un  support  monolithique. 

7.  Precede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  catalyseur  est  a  une  tem- 
perature  de  1  80-240°C. 

8.  Precede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  gaz  brule  contient  30  a 
3000  ppm  en  volume  de  dioxyde  de  soufre. 

9.  Catalyseur  comprenant  de  la  matiere  catalytique  sur  un  support,  la  matiere  catalytique  etant  constitute 
par,  ou  comprenant,  du  platine  et  le  support  consistant  essentiellement  en  au  moins  I'un  des  oxydes  que 
sont  I'oxyde  de  zirconium  et  I'oxyde  de  titane,  ce  catalyseur  contenant  moins  de  400  ppm  d'atomes  de 
chlore,  sur  la  base  du  poids  de  la  matiere  catalytique  plus  le  support. 

10.  Catalyseur  selon  la  revendication  9,  dans  lequel  le  support  consiste  essentiellement  en  de  I'oxyde  de  zir- 
conium. 

11.  Catalyseur  selon  la  revendication  9,  dans  lequel  le  support  consiste  essentiellement  en  de  I'oxyde  de  ti- 
tane. 

12.  Catalyseur  selon  I'une  quelconque  des  revendications  9  a  11,  dans  lequel  la  matiere  catalytique  contient 
aussi  du  manganese,  du  fer,  du  cobalt,  du  cuivre,  du  chrome,  du  nickel,  du  rhodium  ou  du  ruthenium. 

13.  Catalyseur  selon  I'une  quelconque  des  revendications  9  a  12,  qui  est  place  sur  un  support  monolithique. 

14.  Precede  pour  preparer  un  catalyseur  revendique  dans  I'une  quelconque  des  revendications  9  a  1  3,  dans 
lequel  la  matiere  catalytique  et  le  support  sont  co-precipites. 
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