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Description 

This  invention  relates  to  a  method  of  decontaminating  equipment  that  is  to  be  used  in  a  catalytic  reforming 
process  which  uses  a  contaminant-sensitive  catalyst. 

5  The  catalytic  reforming  of  hydrocarbon  feedstocks  in  the  gasoline  range  is  an  important  commercial  proc- 
ess,  practiced  in  nearly  every  significant  petroleum  refinery  in  the  world  to  produce  aromatic  intermediates 
for  the  petrochemical  industry  or  gasoline  components  with  high  resistance  to  engine  knock.  Demand  for  ar- 
omatics  is  growing  more  rapidly  than  the  supply  of  feedstocks  for  aromatics  production.  Moreover,  the  wide- 
spread  removal  of  lead  antiknock  additive  from  gasoline  and  the  rising  demands  of  high-performance  internal- 

10  combustion  engines  are  increasing  the  required  knock  resistance  of  the  gasoline  component  as  measured  by 
gasoline  "octane"  number.  The  catalytic  reforming  unit  therefore  must  operate  more  efficiently  at  higher  sev- 
erity  in  order  to  meet  these  increasing  aromatics  and  gasoline-octane  needs.  This  trend  creates  a  need  for 
more  effective  reforming  catalysts  for  application  in  new  and  existing  process  units. 

Catalytic  reforming  generally  is  applied  to  a  feedstock  rich  in  paraff  inic  and  naphthenic  hydrocarbons  and 
15  is  effected  through  diverse  reactions:  dehydrogenation  of  naphthenes  to  aromatics,  dehydrocyclization  of  par- 

affins,  isomerization  of  paraffins  and  naphthenes,  dealkylation  of  alkylaromatics,  hydrocracking  of  paraffins 
to  light  hydrocarbons,  and  formation  of  coke  which  is  deposited  on  the  catalyst.  Increased  aromatics  and  ga- 
soline-octane  needs  have  turned  attention  to  the  paraffin-dehydrocyclization  reaction,  which  is  less  favored 
thermodynamically  and  kinetically  in  conventional  reforming  than  otheraromatization  reactions.  Considerable 

20  leverage  exists  for  increasing  desired  product  yields  from  catalytic  reforming  by  promoting  the  dehydrocycli- 
zation  reaction  over  the  competing  hydrocracking  reaction  while  minimizing  the  formation  of  coke. 

The  effectiveness  of  reforming  catalysts  comprising  a  non-acidic  L-zeolite  and  a  platinum-group  metal  for 
dehydrocyclization  of  paraffins  is  well  known  in  the  art.  The  use  of  these  reforming  catalysts  to  produce  aro- 
matics  from  paraffinic  raffinates  as  well  as  naphthas  has  been  disclosed.  The  increased  sensitivity  to  feed 

25  sulfur  of  these  selective  catalysts  also  is  known.  However,  this  dehydrocyclization  technology  has  not  been 
commercialized  during  the  intense  and  lengthy  development  period.  The  extreme  catalyst  sulfur  intolerance 
is  believed  to  be  the  principal  reason  for  this  delay  in  commercialization.  This  catalyst  may  be  deactivated  rap- 
idly  in  an  existing  reforming  unit  which  previously  employed  a  less-sulfur-sensitive  catalyst  for  conversion  of 
a  sulfur-containing  feed,  since  traces  of  sulfur  contamination  may  remain  in  the  process  equipment  even  after 

30  conventional  cleanup  of  the  equipment.  Existing  reforming  units  will  most  likely  become  available  for  paraffin 
dehydrocyclization  operations  as  large  modern  naphtha  reforming  units  are  constructed  in  conjunction  with 
refinery  modernizations.  Therefore,  an  effective  cleanup  method  is  needed  for  these  existing  units  as  a  con- 
comitant  to  the  successful  operation  of  a  reforming  process  for  paraffin  dehydrocyclization  with  these  extra- 
sensitive  catalysts. 

35  Techniques  are  known  in  the  art  for  avoiding  deactivation  of  reforming  catalysts  by  sulfur  oxides  produced 
from  sulfur  scale  on  the  equipment  during  catalyst  regeneration.  US-A-2  873  176  (Hengstebeck)  discloses 
avoidance  of  an  oxidizing  atmosphere  in  equipment,  other  than  reactors,  which  has  been  exposed  to  sulfur  in 
the  feedstock  in  order  to  avoid  injury  to  the  catalyst.  US-A-3  1  37  646  (Capsuto)  teaches  purging  of  sulfur  from 
the  lead  heater  of  a  catalytic  reforming  unit  to  the  heater  stock  until  S02  is  not  detected  to  avoid  deterioration 

40  of  the  catalyst.  US-A-4  507  397  (Buss)  reveals  that  controlling  the  water  content  of  a  regenerating  gas  to  no 
more  than  0.1  mol  %  in  a  catalytic  reforming  unit  having  sulfur-contaminated  vessels  avoids  reaction  of  sulfur 
oxides  with  the  catalyst.  The  above  patents  relate  to  protecting  a  reforming  catalyst  from  sulfur  scale  during 
regeneration,  in  contrast  to  the  present  invention  which  addresses  contaminants  evolved  during  process  op- 
eration.  Further,  the  above  patents  do  not  disclose  the  use  and  replacement  of  a  sacrificial  particulate  bed  of 

45  the  present  invention  to  remove  contaminants  from  the  conversion  system. 
US-A-41  55836  discloses  that  sulfur-contaminated  reforming  catalyst  may  have  its  activity  restored  by  dis- 

continuing  the  hydrocarbon  feed  and  passing  hydrogen  and  halogen  over  the  catalyst  to  reduce  its  sulfur  con- 
centration.  US-A-4456527  teaches  that  a  variety  of  sulfur-removal  options  may  be  used  to  reduce  the  sulfur 
content  of  a  hydrocarbon  feed  to  as  low  as  50  parts  per  billion  for  dehydrocyclization  over  a  catalyst  with  high 

50  sulfur  sensitivity.  This  shows  the  need  for  an  exceedingly  low  sulfur  content  in  the  feed  to  a  reforming  catalyst 
selective  for  dehydrocyclization.  Neither  of  the  above  references,  however,  contemplates  the  use  and  removal 
of  sacrificial  particulate  bed  to  remove  contaminants  from  the  conversion  system  of  the  present  invention.  A 
throw-away  catalyst  is  known  in  the  related  art  of  coal  conversion.  US-A-4411767  teaches  the  use  of  an  in- 
expensive  throw-away  catalyst  for  hydrogenation  of  solid  solvent-refined  coal,  followed  by  recycle  of  the  cat- 

55  alyst  to  the  solvent-refining  stage  of  coal  conversion.  US-A-4411  767  does  not  contemplate  the  removal  of  con- 
taminants  from  the  equipment  of  a  conversion  system  by  the  use  and  replacement  of  a  sacrificial  particulate 
bed,  however. 

The  present  invention  concerns  the  problem  of  providing  a  means  by  which  a  hydrocarbon-conversion 

2 



EP  0  421  584  B1 

process  making  effective  use  of  a  contaminant-sensitive  catalyst  can  be  carried  out  in  an  existing  system  hav- 
ing  contaminated  equipment.  A  more  specific  objective  is  to  obtain  extended  catalyst  life  for  a  dehdrocyclization 
catalyst  used  in  an  existing  catalyst  reforming  system. 

5  This  invention  is  based  on  the  discovery  that  removal  of  contaminants  from  equipment  by  contacting  a 
hydrocarbon  feed  with  a  sacrificial  particulate  bed  in  a  catalytic  reforming  system  shows  surprising  benefits 
in  extending  the  catalyst  life  of  a  contaminant-sensitive  catalyst  which  subsequently  replaces  the  sacrificial 
particulate  bed  in  the  same  reforming  system. 

This  invention  provides  a  method  of  decontaminating  equipment  that  has  been  contaminated  through  pre- 
10  vious  contact  with  a  contaminant-containing  feed  so  that  it  may  be  employed  in  a  process  for  the  catalyst  re- 

forming  of  a  substantially  contaminant-free  hydrocarbon  feed  with  a  contaminant-sensitive  L-zeolite  reforming 
catalyst,  in  which  the  loading  of  the  equipment  with  the  contaminant-sensitive  reforming  catalyst  is  preceded 
by: 

(a)  loading  the  equipment  with  a  sacrificial  bed  containing  a  first  reforming  catalyst  and  a  sulfur  sorbent, 
15  (b)  passing  a  first  hydrocarbon  feed  over  the  sacrificial  bed  until  contaminant  removal  from  the  equipment 

is  substantially  complete,  and 
(c)  replacing  the  sacrificial  bed  in  the  equipment  with  the  contaminant-sensitive  L-zeolite  reforming  cat- 
alyst. 
Contaminant  removal  is  considered  substantially  complete  when  the  level  of  contaminant  in  the  effluent 

20  from  the  sacrificial  bed  would  not  cause  shutdown  of  the  catalytic-reforming  process  within  a  three-month  per- 
iod  of  operation. 

To  reiterate,  the  present  invention  makes  it  possible  to  carry  out  a  hydrocarbon-conversion  process  using 
a  contaminant-sensitive  catalyst  in  a  contaminated  conversion  system,  wherein  contaminants  are  first  removed 
from  a  conversion  system  by  contacting  a  first  hydrocarbon  feed  with  a  sacrificial  particulate  bed  having  the 

25  capability  of  eliminating  contaminants  with  contaminant  removal  is  complete  followed  by  replacement  of  the 
particulate  bed  with  the  contaminant-sensitive  catalyst  which  thereafter  contacts  a  contaminate-free  hydro- 
carbon  feed. 

The  conversion  system  to  be  decontaminated  according  to  the  present  invention  is  an  integrated  process- 
ing  unit  which  includes  equipment,  catalyst,  sorbents  and  chemicals  used  in  the  processing  of  the  hydrocarbon 

30  feedstock.  The  equipment  includes  reactors,  reactor  internals  for  distributing  feed  and  containing  catalyst,  other 
vessels,  heaters,  heat  exchangers,  conduits,  valves,  pumps,  compressors  and  associated  components  known 
to  those  of  ordinary  skill  in  the  art.  Preferably,  the  conversion  system  is  a  catalytic  reforming  system. 

The  conversion  system  comprises  either  a  fixed-bed  reactor  or  a  moving-bed  reactor  whereby  catalyst  may 
be  continuously  withdrawn  and  added.  These  alternatives  are  associated  with  catalyst-regeneration  options 

35  known  to  those  of  ordinary  skill  in  the  art,  such  as:  (1)  a  semiregenerative  unit  containing  fixed-bed  reactors, 
which  maintains  operating  severity  by  increasing  temperature,  eventually  shutting  the  unit  down  for  catalyst 
regeneration  and  reactivation;  (2)  a  swing-reactor  unit,  in  which  individual  fixed-bed  reactors  are  serially  iso- 
lated  by  manifolding  arrangements  as  the  catalyst  becomes  deactivated  and  the  catalyst  in  the  isolated  reactor 
is  regenerated  and  reactivated  while  the  other  reactors  remain  on-stream;  (3)  continuous  regeneration  of  cat- 

40  alyst  withdrawn  from  a  moving-bed  reactor,  with  reactivation  and  substitution  of  the  reactivated  catalyst,  which 
permits  higher  operating  severity  by  maintaining  high  catalyst  activity  through  regeneration  cycles  of  a  few 
days;  or,  (4)  a  hybrid  system  with  semiregenerative  and  continuous-regeneration  provisions  in  the  same  unit. 
The  preferred  embodiment  of  the  present  invention  is  fixed-bed  reactors  in  a  semiregenerative  unit. 

The  feed  to  the  conversion  system  may  contact  the  respective  particulate  bed  or  catalyst  in  the  reactors 
45  in  either  upflow,  downflow,  or  radial-flow  mode.  Since  the  preferred  dehydrocyclization  reaction  is  favored  by 

relatively  low  pressure,  the  low  pressure  drop  in  a  radial-flow  reactor  favors  the  radial-flow  mode. 
The  contaminants  comprise  elements  other  than  carbon  or  hydrogen,  especially  sulfur,  nitrogen,  oxygen 

or  metals,  which  were  deposited  on  the  equipment  of  the  conversion  system  in  a  precedent  conversion  process 
effected  in  the  conversion  system  on  a  contaminant-containing  prior  feed  previous  to  the  execution  of  the  pres- 

50  ent  invention.  A  preferred  example  is  sulfur  introduced  into  the  conversion  system  as  sulfur  compounds  in  a 
sulfur-containing  prior  feed  to  a  precedent  conversion  process.  Sulfur  compounds  decomposed  in  the  prece- 
dent  conversion  operation  may  result  in  formation  of  metal  sulfides,  e.g.,  by  reaction  of  hydrogen  sulfide  with 
internal  surfaces  of  such  equipment  as  heaters,  reactors,  reactor  internals  and  conduits.  Sulfur  may  be  re- 
leased  from  such  sulfides  in  the  process  of  the  present  invention,  forming  hydrogen  sulfide  which  joins  the 

55  reactants  of  the  process.  The  amount  of  sulfur  released  may  be  minor  relative  to  the  reactants,  particularly  if 
the  feed  to  the  prior  conversion  process  had  been  desulfurized  or  if  the  conversion  system  has  been  acidized 
or  cleaned  by  other  known  chemical  treatments  prior  to  use  in  the  process  of  the  present  invention.  However, 
it  has  now  been  found  that  even  minor  amounts  of  sulfur  can  deactivate  a  catalyst  selective  for  dehydrocycli- 
zation  of  paraffins,  such  as  the  second  reforming  catalyst  described  hereinafter. 

3 
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In  the  present  invention,  the  contaminants  are  removed  from  the  conversion  system  by  contacting  a  first 
hydrocarbon  feed  with  a  sacrificial  particulate  bed  at  contaminant-removal  conditions  in  the  conversion  system. 
The  first  hydrocarbon  feed  preferably  is  substantially  contaminant-free  as  defined  hereafter.  At  contaminant- 

5  removal  conditions,  contaminants  are  released  from  equipment  surfaces.  By  contacting  the  sacrificial  partic- 
ulate  bed,  contaminants  released  from  equipment  surfaces  are  either  converted  to  a  form  more  easily  remov- 
able  in  the  effluents  from  the  conversion  system,  deposited  on  the  particulate  bed,  or  both  converted  and  de- 
posited  on  the  bed.  In  a  preferred  embodiment,  the  conversion  system  comprises  a  catalytic-reforming  system 
and  small  amounts  of  sulfur  compounds  in  the  feed  and  sulfur  released  from  the  equipment  are  converted  to 

10  hydrogen  sulfide  by  contact  with  a  first  reforming  catalyst  and  the  hydrogen  sulfide  is  removed  from  the  system 
by  contact  with  a  manganese  oxide  sorbent. 

Contaminant  removal  may  be  effected  to  provide  a  contaminant-free  conversion  by  charging  the  first  hy- 
drocarbon  feed  to  the  conversion  system  and  withdrawing  gaseous  and  liquid  effluent  from  the  system,  by 
recycling  gases  and  liquids  from  the  exit  to  the  entrance  of  the  sacrificial  particulate  bed,  or  by  a  combination 

15  of  withdrawing  effluents  and  recycling  gases  or  liquids.  Contaminant  removal  is  measured  by  testing  the  ef- 
fluent  streams  from  the  conversion  system  for  contaminant  levels  using  test  methods  known  in  the  art;  in  the 
absence  of  gaseous  or  liquid  effluents,  the  combined  feed  and  recycle  to  the  sacrificial  particulate  bed  is  tested 
for  contaminant  levels.  Contaminant  removal  is  substantially  complete  when  the  measured  level  of  contami- 
nant,  if  contained  in  the  second  hydrocarbon  feed  as  defined  hereinafter,  would  not  cause  a  shut  down  of  the 

20  conversion  system  due  to  the  deactivation  of  the  contaminant-sensitive  catalyst  within  a  three-month  period 
of  operation.  Preferably  the  level  of  contaminant  will  be  below  detectable  levels,  by  test  methods  known  in  the 
art,  when  the  conversion  system  is  contaminant-free.  Apreferred  embodiment  comprises  a  sulfur-free  catalytic- 
reforming  system  effected  using  a  first  reforming  catalyst  to  transfer  sulfur  from  contaminated  equipment. 

The  sacrificial  particulate  bed  is  removed  from  the  conversion  system  when  contaminant  removal  is  sub- 
25  stantially  complete  and  the  conversion  system  thus  is  contaminant-free.  The  particulate  bed  may  be  reused 

in  other  processing,  sent  to  component  recovery,  or  discarded.  The  particulate  bed  is  replaced  with  the  con- 
taminant-sensitive  L-zeolite  catalyst,  which  is  contacted  with  a  second  hydrocarbon  feed  at  hydrocarbon-con- 
version  conditions.  Preferably  the  contaminant-sensitive  catalyst  is  a  second  L-zeolite  reforming  catalyst  se- 
lective  for  dehydrocyclization  of  paraffins  in  the  second  hydrocarbon  feed  and  is  highly  sensitive  to  sulfur,  which 

30  has  been  removed  from  the  conversion  system  by  a  first  reforming  catalyst. 
Each  of  the  first  and  second  hydrocarbon  feed  comprises  paraffins  and  naphthenes  and  may  comprise 

olefins  and  mono-  and  polycyclic  aromatics.  The  preferred  first  and  second  hydrocarbon  feed  boil  within  the 
gasoline  range  and  may  comprise  gasoline,  synthetic  naphthas,  thermal  gasoline,  catalytically  cracked  gaso- 
line,  partially  reformed  naphthas  or  raffinates  from  extraction  of  aromatics.  The  distillation  range  may  be  that 

35  of  a  full-range  naphtha,  having  an  initial  boiling  point  typically  from  40°  -  80°C.  and  a  final  boiling  point  of  from 
150°-210°C,  or  it  may  represent  a  narrower  range  within  these  broad  ranges.  Paraffinic  stocks,  such  as  naph- 
thas  from  Middle  East  crudes,  are  especially  preferred  second  hydrocarbon  feed  due  to  the  ability  of  the  proc- 
ess  to  dehydrocyclize  paraffins  to  aromatics.  Raffinates  from  aromatics  extraction,  containing  principally  low- 
value  C6-C8  paraffins  which  can  be  converted  to  valuable  B-T-X  aromatics,  are  especially  preferred. 

40  Each  of  the  first  and  second  hydrocarbon  feed  are  substantially  contaminant-free.  Substantially  contami- 
nant-free  is  defined  as  a  level  of  contaminant  that,  in  the  second  hydrocarbon  feed,  would  not  cause  a  shut 
down  of  the  conversion  system  due  to  the  deactivation  of  the  contaminant-sensitive  catalyst  within  a  three- 
month  period  of  operation.  Preferably  the  level  of  contaminant  will  be  below  detectable  levels,  by  test  methods 
known  in  the  art.  Each  of  the  first  hydrocarbon  feed  and  the  second  hydrocarbon  feed  preferably  has  been 

45  treated  by  conventional  methods  such  as  hydrotreating,  hydrorefining  or  hydrodesulfurization  to  convert  sul- 
furous,  nitrogenous  and  oxygenated  compounds  to  H2S,  NH3  and  H20,  respectively,  which  can  be  separated 
from  the  hydrocarbons  by  fractionation.  This  conversion  preferably  will  employ  a  catalyst  known  to  the  art  com- 
prising  an  inorganic  oxide  support  and  metals  selected  from  Groups  VIB  (6)  and  VIII  (9-10)  of  the  Periodic  Table. 
[See  Cotton  and  Wikinson,  Advanced  Inorganic  Chemistry,  John  Wiley  &  Sons  (Fifth  Edition,  1988)].  Alterna- 

50  tively  or  in  addition  to  the  conversion  step,  the  feed  may  be  contacted  with  sorbents  capable  of  removing  sul- 
furousand  other  contaminants.  These  sorbents  may  include  but  are  not  limited  to  zinc  oxide,  iron  sponge,  high- 
surface-area  sodium,  high-surface-area  alumina,  activated  carbons  and  molecular  sieves;  excellent  results  are 
obtained  with  a  nickel-on-alumina  sorbent.  In  the  preferred  catalytic-reforming  system,  sulfur-free  f  irst  and  sec- 
ond  hydrocarbon  feeds  have  low  sulfur  levels  disclosed  in  the  prior  art  as  desirable  reforming  feedstocks,  e.g., 

55  1  ppm  to  0.1  ppm  (100  ppb).  Most  preferably,  the  second  hydrocarbon  feed  contains  no  more  than  50  ppb  sulfur. 
Contaminant-removal  conditions  of  the  present  invention  include  a  pressure  of  from  0.1  to  15.2  MPa  (at- 

mospheric  to  1  50  atmospheres  (abs)],  a  temperature  of  from  200°  to  600°C,  and  a  liquid  hourly  space  velocity 
relative  to  the  sacrificial  particulate  bed  of  from  0.2  to  40  lr1.  The  removal  of  sulfur  from  the  equipment,  as  the 
preferred  contaminant,  is  effected  at  first  reforming  conditions  in  the  presence  of  a  first  reforming  catalyst. 

4 
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Sulfur  removal  is  effected  in  the  presence  of  a  sulfur  sorbent,.  First  reforming  conditions  comprise  a  pressure 
of  0.1  to  6.1  MPa  [atmospheric  to  60  atmospheres  (abs)],  an  operating  temperature  generally  in  the  range  of 
260°  to  560°C,  and  a  liquid  hourly  space  velocity  of  from  1  to  40  lr1.  Hydrogen  is  supplied  to  this  preferred 

5  reforming  operation  in  an  amount  to  correspond  to  a  ratio  of  from  0.1  to  10  moles  of  hydrogen  per  mole  of  first 
hydrocarbon  feed. 

Following  replacement  of  the  sacrificial  particulate  bed  with  the  contaminant-sensitive  catalyst,  the  con- 
taminant-sensitive  catalyst  contacts  the  second  hydrocarbon  feed  at  hydrocarbon-conversion  conditions.  Hy- 
drocarbon-conversion  conditions  comprise  a  pressure  of  from  0.1  to  15.2  MPa  [atmospheric  to  150  atmos- 

10  pheres  (abs)],  a  temperature  of  from  200°  to  600°C,  and  a  liquid  hourly  space  velocity  relative  to  the  contam- 
inant-sensitive  catalyst  of  from  0.2  to  10  h1.  Preferably  these  conditions  comprise  second  reforming  conditions 
including  a  pressure  of  from  0.1  to  6.1  MPa  [atmospheric  to  60  atmospheres  (abs)].  More  preferably  the  pres- 
sure  is  from  0.1  to  2.0  MPa  [atmospheric  to  20  atmospheres  (abs)],  and  excellent  results  have  been  obtained 
at  operating  pressures  of  less  than  1.1  MPa  [10  atmospheres].  The  hydrocarbon  to  hydrocarbon  mole  ratio  is 

15  from  0.1  to  10  moles  of  hydrogen  per  mole  of  second  hydrocarbon  feed.  Space  velocity  with  respect  to  the 
volume  of  contaminant-sensitive  catalyst  is  from  0.5  to  10  lr1.  Operating  temperature  is  from  400°  to  560°C. 
Since  the  predominant  reaction  of  the  preferred  embodiment  is  the  dehydrocyclization  of  paraffins  to  aromat- 
ics,  the  contaminant-sensitive  catalyst  will  preferably  be  contained  in  two  or  more  reactors  with  interheating 
between  reactors  to  compensate  for  the  endothermic  heat  of  reaction  and  maintain  suitable  temperatures  for 

20  dehydrocyclization. 
The  sacrificial  particulate  bed,  as  mentioned  hereinabove,  serves  to  convert  contaminants  to  a  form  more 

easily  removable  from  the  conversion  system,  to  receive  contaminants  deposited  on  the  bed,  or  to  both  convert 
and  receive  contaminants.  The  sacrificial  particulate  bed  comprises  an  aggregate  of  macroparticles  having  a 
narrowest  characteristic  dimension  through  the  center  of  each  particle  of  between  400  and  3200  urn.  The  par- 

25  tides  may  be  of  any  suitable  shape  including  one  or  more  of  extrudates,  spheres,  pills,  granules,  cokes  or  pow- 
ders. 

A  preferred  sacrificial  particulate  bed  is  a  first  reforming  catalyst,  which  is  a  dual-function  composite  con- 
taining  a  metallic  hydrogenation-dehydrogenation  component  on  a  refractory  support  which  provides  acid  sites 
for  cracking  and  isomerization.  This  catalyst  functions  preferably  to  convert  small  amounts  of  sulfur  in  thefeed- 

30  stock  and  released  from'the  equipment  to  H2S  in  order  to  preclude  sulfur  from  contacting  the  contaminant-sen- 
sitive  catalyst.  The  sacrificial  reforming  catalyst  would  tolerate  episodes  of  up  to  about  1  0  ppm  of  sulfur  in  the 
feedstock  with  substantial  recovery  of  activity.  The  sacrificial  reforming  catalyst  also  preferably  effects  some 
dehydrogenation  of  naphthenes  in  the  feedstock  as  well  as,  to  a  lesser  degree,  isomerization,  cracking  and 
dehydrocyclization. 

35  The  refractory  support  of  the  first  reforming  catalyst  should  be  a  porous,  adsorptive,  high-surface-area 
material  which  is  uniform  in  composition  without  composition  gradients  of  the  species  inherent  to  its  compo- 
sition.  Within  the  scope  of  the  present  invention  are  refractory  support  containing  one  or  more  of:  (1)  refractory 
inorganic  oxides  such  as  alumina,  silica,  titania,  magnesia,  zirconia,  chromia,  thoria,  boria  or  mixtures  thereof; 
(2)  synthetically  prepared  or  naturally  occurring  clays  and  silicates,  which  may  be  acid-treated;  (3)  crystalline 

40  zeolitic  aluminosilicates,  either  naturally  occurring  or  synthetically  prepared  such  as  FAU,  MEL,  MFI,  MOR, 
MTW  (IUPAC  Commission  on  Zeolite  Nomenclature),  in  hydrogen  form  or  in  a  form  which  has  been  exchanged 
with  metal  cations;  (4)  spinels  such  as  MgAI204,  FeAI204,  ZnAI204,  CaAI204;  and  (5)  combinations  of  materials 
from  one  or  more  of  these  groups.  The  preferred  refractory  support  for  the  first  reforming  catalyst  is  alumina, 
with  gamma-  or  eta-alumina  being  particularly  preferred.  Best  results  are  obtained  with  "Ziegler  alumina,"  de- 

45  scribed  in  US-A-2892858  and  presently  available  from  the  Vista  Chemical  Company  underthe  trademark  "Cat- 
apal"  or  from  Condea  Chemie  GmbH  under  the  trademark  "Pural."  Ziegler  alumina  is  an  extremely  high-purity 
pseudoboehmite  which,  after  calcination  ata  high  temperature,  has  been  shown  to  yield  a  high-priority  gamma- 
alumina.  It  is  especially  preferred  that  the  refractory  inorganic  oxide  comprise  substantially  pure  Ziegler  alu- 
mina  having  an  apparent  bulk  density  of  0.6  to  1  g/cm3  and  a  surface  area  of  150  to  280  m2/g  (especially  185 

so  to  235  m2/g)  at  a  pore  volume  of  0.3  to  0.8  cm3/g. 
The  alumina  powder  may  be  formed  into  any  shape  or  form  of  carrier  material  known  to  those  skilled  in 

the  art  such  as  spheres,  extrudates,  rods,  pills,  pellets,  tablets  or  granules.  Spherical  particles  may  be  formed 
by  converting  the  aluminum  metal  into  alumina  sol  by  reaction  with  suitable  peptizing  acid  and  water  and  drop- 
ping  a  mixture  of  the  resulting  sol  and  gelling  agent  into  an  oil  bath  to  form  spherical  particles  of  an  alumina 

55  gel,  followed  by  known  aging,  drying  and  calcination  steps.  The  preferred  extrudate  form  is  preferably  prepared 
by  mixing  the  alumina  powder  with  water  and  suitable  peptizing  agents,  such  as  nitric  acid,  acetic  acid,  alumi- 
num  nitrate  and  like  materials,  to  form  an  extrudable  dough  having  a  loss  on  ignition  (LOI)  at  500°C.  of  45  to 
65  mass  %.  The  resulting  dough  is  extruded  through  a  suitably  shaped  and  sized  die  to  form  extrudate  par- 
ticles,  which  are  dried  and  calcined  by  known  methods.  Alternatively,  spherical  particles  can  be  formed  from 
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the  extrudates  by  rolling  the  extrudate  particles  on  a  spinning  disk. 
An  essential  component  of  the  preferred  first  reforming  catalyst  is  one  or  more  platinum-group  metals,  with 

a  platinum  component  being  preferred.  The  platinum  may  exist  within  the  catalyst  as  a  compound  such  as  the 
5  oxide,  sulfide,  halide,  oroxyhalide,  in  chemical  combination  with  one  or  more  other  ingredients  of  the  catalytic 

composite,  or  as  an  elemental  metal.  Best  results  are  obtained  when  substantially  all  of  the  platinum  exists  in 
the  catalytic  composite  in  a  reduced  state.  The  platinum  component  generally  comprises  from  0.01  to  2  mass 
%  of  the  catalytic  composite,  preferably  0.05  to  1  mass  %,  calculated  on  an  elemental  basis.  It  is  within  the 
scope  of  the  present  invention  that  the  catalyst  known  to  modify  the  effect  of  the  preferred  platinum  compo- 

10  nent.  Such  metal  modifiers  may  include  Group  IVA(14)  metals,  other  Group  VIII  (8-10)  metals,  rhenium,  indium, 
gallium,  zinc,  uranium,  dysprosium,  thallium  and  mixtures  thereof.  Excellent  results  are  obtained  when  the  first 
reforming  catalyst  contains  a  tin  component.  Catalytically  effective  amounts  of  such  metal  modifiers  may  be 
incorporated  into  the  catalyst  by  any  means  known  in  the  art. 

The  first  reforming  catalyst  of  the  present  invention  may  contain  a  halogen  component.  The  halogen  com- 
15  ponentmay  beeitherfluorine,  chlorine,  bromine  or  iodine  or  mixtures  thereof.  Chlorine  is  the  preferred  halogen 

component.  The  halogen  component  is  generally  present  in  a  combined  state  with  the  inorganic-oxide  support. 
The  halogen  component  is  preferably  well  dispersed  throughout  the  catalyst  and  may  comprise  from  more  than 
0.2  to  15  wt.%.  calculated  on  an  elemental  basis,  of  the  final  catalyst. 

An  optional  ingredient  of  the  first  reforming  catalyst  is  an  L-zeolite.  It  is  within  the  ambit  of  the  present 
20  invention  that  the  same  catalyst  may  be  used  as  the  first  and  second  reforming  catalysts.  The  volume  of  first 

reforming  catalyst  loaded  in  the  reactors  of  the  conversion  system  nevertheless  is  less  than  the  volume  of 
second  reforming  catalyst. 

The  first  reforming  catalyst  generally  will  be  dried  at  a  temperature  of  from  100°  to  320°C.  for  0.5  to  24 
hours,  followed  by  oxidation  at  a  temperature  of  300°  to  550°C.  in  an  air  atmosphere  for  0.5  to  10  hours.  Pre- 

25  ferably  the  oxidized  catalyst  is  subjected  to  a  substantially  waterfree  reduction  step  at  a  temperature  of  300° 
to  550°C.  for  0.5  to  10  hours  or  more.  Further  details  of  the  preparation  and  activation  of  embodiments  of  the 
sacrificial  reforming  catalyst  are  disclosed  in  US-A-4677094. 

The  especially  preferred  sacrificial  particulate  bed  comprises  a  sulfur  sorbent,  preferably  a  manganese 
component.  Best  results  are  obtained  with  manganese  oxide.  Manganese  oxide  has  been  found  to  provide  re- 

30  forming  catalyst  protection  superior  to  the  zinc  oxide  of  the  prior  art,  it  is  believed,  due  to  possible  zinc  con- 
tamination  of  downstream  reforming  catalyst.  Manganese  oxide  comprises  one  or  more  of  MnO,  Mn304,  Mn203, 
Mn02,  Mn03,  and  Mn207.  The  especially  preferred  manganese  oxide  is  MnO  (manganous  oxide).  The  man- 
ganese  component  may  be  composited  with  a  suitable  binder  such  as  clays,  graphite,  or  inorganic  oxides  in- 
cluding  one  or  more  of  alumina,  silica,  zirconia,  magnesia,  chromia  or  boria.  Preferably,  the  manganese  com- 

35  ponent  is  unbound  and  consists  essentially  of  manganese  oxide.  Even  more  preferably  the  manganese  com- 
ponent  consists  essentially  of  MnO,  which  has  demonstrated  excellent  results  for  sulfur  removal  and  has  shown 
adequate  particle  strength  without  a  binder  for  the  present  invention. 

The  contaminant-sensitive  catalyst  used  in  hydrocarbon  conversion  comprises  one  or  more  metal  compo- 
nents  on  a  refractory  support.  The  metal  component  will  comprise  one  or  more  from  Groups  IA  (1  ),  MA  (2),  IVA 

40  (4),  VIA  (6),  VIIA  (7),  VIII  (8-10),  1MB  (13)  or  IVB  (14)  of  the  Periodic  Table.  Applicable  refractory  supports  are 
as  described  hereinabove.  The  contaminant-sensitive  catalyst  also  may  contain  a  halogen  component,  phos- 
phorus  component,  or  sulfur  component. 

The  contaminant-sensitive  catalyst  is  a  second  reforming  catalyst  containing  a  non-acidic  L-zeolite  and 
preferably  a  platinum-group  metal  component,  which  is  highly  sulfur-sensitive.  It  is  essential  that  the  L-zeolite 

45  be  non-acidic,  as  acidity  in  the  zeolite  lowers  the  selectivity  to  aromatics  of  the  finished  catalyst.  In  order  to 
be  "non-acidic,"  the  zeolite  has  substantially  all  of  its  cationic  exchange  sites  occupied  by  nonhydrogen  spe- 
cies.  More  preferably  the  cations  occupying  the  exchangeable  cation  sites  will  comprise  one  or  more  of  the 
alkali  metals,  although  other  cationic  species  may.  be  present.  An  especially  preferred  nonacidic  L-zeolite  is 
potassium-form  L-zeolite. 

so  it  is  necessary  to  composite  the  L-zeolite  with  a  binder  in  order  to  provide  a  convenient  form  for  use  in 
the  catalyst  of  the  present  invention.  The  art  teaches  that  any  refractory  inorganic  oxide  binder  is  suitable. 
One  or  more  of  silica,  alumina  or  magnesia  are  preferred  binder  materials  of  the  second  reforming  catalyst. 
Amorphous  silica  is  especially  preferred,  and  excellent  results  are  obtained  when  using  a  synthetic  white  silica 
powder  precipitated  as  ultra-fine  spherical  particles  from  a  water  solution.  The  silica  binder  preferably  is  non- 

55  acidic,  contains  less  than  0.3  mass  %  sulfate  salts,  and  has  a  BET  surface  area  of  from  120  to  160  m2/g. 
The  L-zeolite  and  binder  may  be  composited  to  form  the  desired  catalyst  shape  by  any  method  known  in 

the  art.  For  example,  potassium-form  L-zeolite  and  amorphous  silica  may  be  commingled  as  a  uniform  powder 
blend  prior  to  introduction  of  a  peptizing  agent.  An  aqueous  solution  comprising  sodium  hydroxide  is  added  to 
form  an  extrudable  dough.  The  dough  preferably  will  have  a  moisture  content  of  from  30  to  50  mass  %  in  order 
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to  form  extrudates  having  acceptable  integrity  to  withstand  direct  calcination.  The  resulting  dough  is  extruded 
through  a  suitably  shaped  and  sized  die  to  form  extrudate  particles,  which  are  dried  and  calcined  by  known 
methods.  Alternatively,  spherical  particles  may  be  formed  by  methods  described  hereinabove  for  the  first  re- 

5  forming  catalyst. 
The  platinum-group  component  is  another  essential  feature  of  the  second  reforming  catalyst,  with  a  pla- 

tinum  component  being  preferred.  The  platinum  may  exist  within  the  catalyst  as  a  compound  such  as  the  oxide, 
sulfide,  halide,  or  oxyhalide,  in  chemical  combination  with  one  or  more  other  ingredients  of  the  catalytic  com- 
posite,  or  as  an  elemental  metal.  Best  results  are  obtained  when  substantially  all  of  the  platinum  exists  in  the 

10  catalytic  composite  in  a  reduced  state.  The  platinum  component  generally  comprises  from  0.05  to  5  mass  % 
of  the  catalytic  composite,  preferably  0.05  to  2  mass  %,  calculated  on  an  elemental  basis.  It  is  within  the  scope 
of  the  present  invention  that  the  catalyst  may  contain  other  metal  components  known  to  modify  the  effect  of 
the  preferred  platinum  component.  Such  metal  modifiers  may  include  Group  IVA  (14)  metals,  other  Group 
Vlll(8-10)  metals,  rhenium,  indium,  gallium,  zinc,  uranium,  dysprosium,  thallium  and  mixtures  thereof.  Cata- 

15  lytically  effective  amounts  of  such  metal  modifiers  may  be  incorporated  into  the  catalyst  by  any  means  known 
in  the  art. 

The  final  second  reforming  catalyst  generally  will  be  dried  at  a  temperature  of  from  100°  to  320°C.  for  0.5 
to  24  hours,  followed  by  oxidation  at  a  temperature  of  300°  to  550°C.  (preferably  about  350°C.)  in  an  air  at- 
mosphere  for  0.5  to  10  hours.  Preferably  the  oxidized  catalyst  is  subjected  to  a  substantially  water-free  reduc- 

20  tion  step  at  a  temperature  of  300°  to  550°C.  (preferably  about  350°C.)  for  0.5  to  1  0  hours  or  more.  The  duration 
of  the  reduction  step  should  be  only  as  long  as  necessary  to  reduce  the  platinum,  in  order  to  avoid  pre-deac- 
tivation  of  the  catalyst,  and  may  be  performed  in-situ  as  part  of  the  plant  startup  if  a  dry  atmosphere  is  main- 
tained.  Further  details  of  the  preparation  and  activation  of  embodiments  of  the  second  reforming  catalyst  are 
disclosed,  e.g.,  in  US-A-4619906  and  -4822762. 

25 
EXAMPLES 

The  following  examples  are  presented  to  demonstrate  the  present  invention  and  to  illustrate  certain  specific 
embodiments  thereof.  These  examples  should  not  be  construed  to  limit  the  scope  of  the  invention  as  set  forth 

30  in  the  claims.  There  are  many  possible  other  variations,  as  those  of  ordinary  skill  in  the  art  will  recognize,  which 
are  within  the  spirit  of  the  invention. 

The  examples  illustrate  the  feasibility  and  advantage  of  removing  sulfur  from  a  conversion  system  in  the 
manner  disclosed  in  the  present  invention. 

35  Example  I 

The  capability  of  a  combination  of  a  reforming  catalyst  and  an  MnO  sulfur  sorbent  in  series  to  achieve  a 
substantially  sulfur-free  effluent  from  a  naphtha  feedstock  was  determined. 

The  platinum-tin-alumina  reforming  catalyst  used  in  this  determination  had  the  following  composition  in 
40  mass  %: 

Pt  0.38 
Sn  0.30 
CI  1  .06 
The  manganous  oxide  consisted  essentially  of  MnO  in  spheroidal  pellets  with  over  90%  in  the  size  range  of 

45  2.0  to  4.76  mm  (4-10  mesh).  Equal  volumes  of  reforming  catalyst  and  MnO  were  loaded  in  series  with  the  re- 
forming  catalyst  above  the  MnO.  The  sulfur-removal  capability  of  this  combination  was  tested  by  processing 
a  hydrotreated  naphtha  spiked  with  thiophene  to  obtain  a  sulfur  concentration  of  about  2  mass  parts  per  million 
(ppm)  in  the  feed.  The  naphtha  feed  had  the  following  additional  characteristics: 

50 
Sp.  gr.  0 .7447  

ASTM  D-86,  °C :   IBP  80  

50%  134 
55  EP  199 

The  naphtha  was  charged  to  the  reactor  in  a  downflow  operation,  thus  contacting  the  reforming  catalyst  and 
MnO  successively.  Operating  conditions  were  as  follows: 
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Pressure,  atmospheres  8 
Temperature,  °C.  371 
Hydrogen/hydrocarbon,  mol  3 

5  Liquid  hourly  space  velocity,  hr1  10* 
Over  the  13-day  testing  period,  there  was  no  detectable  sulfur  in  the  liquid  or  vapor  products.  Adjusting  ASTM 
D  4045  repeatability  for  laboratory  experience,  the  product  sulfur  level  was  reported  as  less  than  14  parts  per 
billion  (ppb).  The  combination  of  a  platinum-tin-alumina  catalyst  ahead  of  a  bed  of  manganous  oxide  thus  was 
able  to  treat  naphtha  th  a  sulfur  content  higher  than  would  be  obtained  by  standard  hydrotreating  to  yield  a 

10  product  containing  no  detectable  sulfur. 
Over  a  50-day  testing  period,  there  was  no  detectable  H2S  in  the  off-gas  with  ending  feed  sulfur  content 

at  4.3  mass  ppm.  Sulfur  in  the  liquid  product  was  below  detectable  limits  by  the  ASTM  04045  test  during  days 
42-46  with  feed  sulfur  at  2.6  mass  ppm.  Thereafter,  product  sulfur  increased  to  an  average  of  about  110  mass 
parts  per  billion  (ppb)  with  feed  sulfur  at  4.3  mass  ppm. 

15  The  sulfur  content  of  the  MnO  bed  was  measured  as  follows  in  mass  %  at  the  end  of  the  test: 
Upper  bed  11.40 
Lower  bed  4.64 

Therefore,  the  combination  of  a  platinum-tin-alumina  catalystahead  of  a  bed  of  manganous  oxide  was  able 
to  isolate  sulfur  from  a  reforming  system  with  a  substantial  loading  of  sulfur  on  MnO  sorbent. 

20 
Example  II 

The  economic  benefit  of  the  present  invention  in  a  conversion  system  was  calculated  for  a  catalytic  re- 
forming  unit  based  on  the  following  assumptions: 

25  Capacity,  (m3  barrels)/stream  day  (1590  10,000) 
Liquid  hourly  space  velocity  1  .5 
Catalyst  volume,  cubic  meters  44 

Sulfur  removal  is  effected  from  the  equipment  of  the  unit  using  the  following  catalyst  loadings  in  cubic  me- 
ters: 

30 

First  reforming  catalyst  Pt /Sn/Al203  3.3 

Sulfur  sorbent:  MnO  3.3 

35 
Costs  for  the  sulfur-removal  operation  were  estimated  as  follows: 

Initial  cost  of  catalyst  +  so rben t :  
40  First  reforming  catalyst:  3.3  m 3 x $   11,000/m3  =  $ 3 3 , 0 0 0  

Sulfur  sorbent:  3.3  m3  x  $  32 ,000/m3  =  1  05 ,600  

Total  initial  catalyst  +  sorbent  cost  $138 ,600  

45  Operating  cost,  30  days,  @  $1  /barrel  ($  6.29  m3)  300 .000  

Total  cost  $438 ,600  

Any  credit  for  increased  product  value  or  hydrogen,  or  a  spent  catalyst  or  sorbent  credit,  would  reduce  the  net 
so  cost. 

The  cost  of  a  loading  of  contaminant-sensitive  second  reforming  catalyst  is  estimated  as  follows: 
Second  reforming  catalyst:  44  m3  @$30,000/m3  =  $1  ,320,000 

Thus,  the  cost  of  protecting  the  contaminant-sensitive  catalyst  from  rapid  deactivation  could  be  one-third 
or  less  of  the  cost  of  the  loading  of  contaminant-sensitive  catalyst. 

55 

*On  total  loading  of  catalyst  +  MnO 
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Claims 

1.  Amethod  of  decontaminating  equipment  that  has  been  contaminated  through  previous  contact  with  a  con- 
5  taminant-containing  feed  so  that  it  may  be  employed  in  a  process  for  the  catalyst  reforming  of  a  substan- 

tially  contaminant-free  hydrocarbon  feed  with  a  contaminant-sensitive  L-zeolite  reforming  catalyst,  char- 
acterised  in  that  the  loading  of  the  equipment  with  the  contaminant-sensitive  reforming  catalyst  is  pre- 
ceded  by: 

(a)  loading  the  equipment  with  a  sacrificial  bed  containing  a  first  reforming  catalyst  and  a  sulfur  sorbent, 
10  (b)  passing  a  first  hydrocarbon  feed  over  the  sacrificial  bed  until  contaminant  removal  from  the  equip- 

ment  is  substantially  complete,  and 
(c)  replacing  the  sacrificial  bed  in  the  equipment  with  the  contaminant-sensitive  L-zeolite  reforming 
catalyst, 

contaminant  removal  being  considered  substantially  complete  when  the  level  of  contaminant  in  the 
15  effluent  from  the  sacrificial  bed  would  not  cause  shutdown  of  the  catalytic-reforming  process  within  a 

three-month  period  of  operation. 

2.  A  process  according  to  Claim  1  characterised  in  thatthesulfursorbent  consists  essentially  of  manganese 
oxide. 

20 
3.  A  process  according  to  Claim  1  characterised  in  that  the  second  reforming  catalyst  comprises  a  platinum- 

group  metal  component  and  a  non-acidic  L-zeolite. 

Patentanspruche 

1.  Verfahren  zur  Dekontaminierung  einer  Vorrichtung,  die  durch  die  vorausgehende  Beruhrung  mit  einer 
verunreinigungshaltigen  Beschickung  verunreinigt  wurde,  so  dali  sie  in  einem  Verfahren  zum  katalyti- 
schen  Reformieren  einer  im  wesentlichen  verunreinigungsfreien  Kohlenwasserstoffbeschickung  mit  ei- 
nem  verunreinigungsempfindlichen  L-Zeolith-Reformlerkatalysator  verwendet  werden  kann,  dadurch 
gekennzeichnet,  dali  der  Beladung  der  Vorrichtung  mit  dem  verunreinigungsempfindlichen  Reformier- 
katalysator  folgendes  vorausgeht: 

a)  Beladung  der  Vorrichtung  mit  einem  Opferbett,  das  einen  ersten  Reformierkatalysator  und  ein 
Schwefelsorbens  enthalt. 
b)  Fuhren  einer  ersten  Kohlenwasserstoffbeschickung  uberdas  Opferbett,  bis  die  Verunreinigungsent- 
fernung  von  der  Vorrichtung  im  wesentlichen  vollstandig  ist,  und 
c)  Ersetzen  des  Opferbettes  in  der  Vorrichtung  durch  den  verunreinigungsempfindlichen  L-Zeolith-Re- 
formierkatalysator, 

wobei  die  Verunreinigungsentfernung  als  im  wesentlichen  vollstandig  angesehen  wird,  wenn  der  Verun- 
reinigungsgehalt  in  dem  Auslauf  aus  dem  Opferbett  kein  Einstellen  des  katalytischen  Reformierverfah- 
rens  innerhalb  einer  dreimonatigen  Betriebsperiode  verursacht. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  das  Schwefelsorbens  im  wesentlichen  aus 
Manganoxid  besteht. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  der  zweite  Reformierkatalysator  eine  Pla- 
tingruppenmetallkomponente  und  einen  nichtsauren  L-Zeolith  umfalit. 

Revendications 
50 

1.  Precede  de  decontamination  d'un  equipement  qui  a  ete  contamine  par  contact  anterieur  avec  une  charge 
contenant  des  contaminants  de  telle  sorte  qu'il  puisse  etre  utilise  dans  une  operation  de  reformage  ca- 
talytique  d'une  charge  d'hydrocarbures  sensiblement  exempte  de  contaminants  avec  un  catalyseur  de  re- 
formage  a  base  d'une  zeolite  L  sensible  aux  contaminants,  caracterise  en  ce  que  le  chargement  dans 

55  I'equipement  du  catalyseur  de  reformage  sensible  aux  contaminants  est  precede  par  les  operations  sui- 
vantes  : 

(a)  on  charge  dans  I'equipement  un  lit  sacrif  iciel  contenant  un  premier  catalyseur  de  reformage  et  un 
sorbant  de  soufre, 
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(b)  on  fait  passer  une  premiere  charge  d'hydrocarbures  sur  le  lit  sacrif  iciel  jusqu'a  ce  que  I'elimination 
des  contaminants  de  I'equipement  soit  sensiblement  complete, 
(c)  on  remplace  le  lit  sacrif  iciel,  dans  I'equipement,  parle  catalyseur  de  reformage  qui  est  a  base  d'une 
zeolite  L  sensible  aux  contaminants, 

I'elimination  des  contaminants  etant  consideree  comme  sensiblement  complete  lorsque  le  taux  de  conta- 
minants  dans  I'effluent  provenant  du  lit  sacrif  iciel  ne  provoque  pas  d'arret  du  precede  de  reformage  ca- 
talytique  dans  une  periode  de  fonctionnement  de  trois  mois. 

Precede  selon  la  revendication  1  ,  caracterise  en  ce  que  le  sorbant  de  soufre  est  constitue  essentiellement 
d'oxyde  de  manganese. 

Precede  selon  la  revendication  1,  caracterise  en  ce  que  le  deuxieme  catalyseur  de  reformage  comprend 
un  composant  metallique  du  groupe  du  platine  et  une  zeolite  L  non  acide. 
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