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Process  and  apparatus  for  removal  of  carbonaceous  materials  from  particles  containing  such 
materials. 

©  Process  and  apparatus  for  the  removal  of  car- 
bonaceous  materials  from  particles  containing  such 
materials,  comprising  introducing  said  particles  into 
the  lower  part  of  a  first,  riser-type  reactor,  into  which 
lower  part  also  an  oxygen  containing  gas  is  intro- 
duced,  the  reactor  being  operated  under  entrainment 
conditions  with  a  relatively  high  density  phase  in  the 
lower  part  and  with  a  relatively  low  density  phase  in 
the  upper  part  at  a  temperature  suitable  to  burn  off 
carbonaceous  materials,  separating  solids  and  gas  at 
the  top  of  the  reactor,  introducing  the  separated 
particles  into  the  upper  part  of  a  second,  fluidized 
bed-type  reactor  while  introducing  an  oxygen  con- 
taining  gas  into  the  lower  part  of  the  second  reactor, 
the  reactor  being  operated  under  fluidized  bed  con- 
ditions  at  a  temperature  suitable  to  burn  off  carbona- 
ceous  materials,  removing  processed  particles  from 
the  lower  part  of  the  reactor,  and  recirculating  a  part 
of  the  processed  particles  to  the  lower  part  of  the 
riser-type  reactor. 
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The  invention  relates  to  a  process  and  an  ap- 
paratus  for  the  removal  of  carbonaceous  materials 
from  particles  containing  such  materials. 

Fluid  catalytic  cracking  (FCC)  processes  are 
used  to  convert  relatively  heavy  hydrocarbon  pro- 
ducts  obtained  from  crude  oil  processing  into  light- 
er  hydrocarbon  products.  The  catalyst  particles 
used  in  these  processes  become  very  quickly  con- 
taminated  with  carbonaceous  materials.  These 
hydrocarbonaceous  materials  have  to  be  removed 
in  a  regeneration  process  in  order  to  permit  reuse 
of  the  catalyst  particles.  To  regenerate  the  catalyst, 
the  catalyst  is  contacted  with  an  oxygen  containing 
gas  in  a  fluidized  bed  at  a  temperature  suitable  to 
burn  off  the  carbonaceous  materials,  thus  restoring 
the  activity  of  the  catalyst. 

Reference  herein  to  a  reactor  is  made  in  rela- 
tion  to  a  regeneration  reactor,  unless  otherwise 
stated. 

Suitable  FCC-feeds  are  gas-oils  boiling  in  the 
range  from  250-590  °C,  especially  370-540  °C. 
However,  at  the  present  moment  there  is  a  ten- 
dency  to  use  heavier  feeds,  such  as  atmospheric 
and  vacuum  residual  oils,  often  mixed  with  gas-oils. 
As  these  residual  feeds  usually  contain  consider- 
able  amounts  of  asphaltenes,  which  compounds 
have  a  high  tendency  to  form  coke  during  the 
cracking  operation,  a  larger  amount  of  coke  will  be 
deposited  on  the  catalyst.  This  holds  especially 
when  only  residual  feeds  are  used  without  mixing 
with  lighter  gas-oil  fractions.  In  regenerating  these 
heavily  coked  spent  catalyst  particles  it  may  be 
difficult  to  burn  off  enough  coke  to  provide  a  suit- 
able  low  concentration  of  carbon  on  the  regener- 
ated  catalyst.  To  overcome  these  difficulties  regen- 
erators  are  suggested  in  which  the  coke  is  burned 
to  carbon  monoxide,  thus  limiting  the  formation  of 
heat  in  the  regenerator.  The  carbon  monoxide  may 
be  used  as  fuel  gas,  for  instance  for  the  production 
of  electricity  or  steam.  Alternatively,  a  carbon  mon- 
oxide  boiler  may  be  included  after  the  regenerator 
to  complete  combustion  of  carbon  monoxide  to 
carbon  dioxide. 

A  process  and  an  apparatus  for  the  regenera- 
tion  of  spent  FCC  catalyst  particles  by  burning  off 
the  carbon  under  the  formation  of  carbon  monoxide 
are  described  in  US  patent  4,260,475.  The  first 
stage  of  this  regeneration  process  is  performed  in 
a  riser-type  reactor  employing  an  entrained  bed  of 
upwardly  moving  catalyst  particles  in  cocurrent 
flow  with  regeneration  gas.  The  second  stage  of 
the  regeneration  is  performed  in  a  staged  fluidized 
bed  of  catalyst  particles  in  net  downward  move- 
ment  countercurrent  to  regeneration  gas.  The  pro- 
cess  of  the  before-mentioned  US  patent  has  a 
number  of  clear  advantages  over  other  known  re- 
generation  processes,  as  has  been  described  in  its 
specification. 

A  disadvantage  of  the  process  as  described  in 
the  above-mentioned  US  patent,  is  that  the  riser 
reactor  has  to  be  of  an  extremely  large  height  in 
order  to  obtain  a  reasonable  removal  of  carbona- 

5  ceous  materials  in  the  first  stage.  This  is  due  to  the 
fact  that  the  temperature  of  the  spent  catalyst  par- 
ticles  initially  is  too  low  for  a  rapid  combustion. 

An  optimum  performance  of  the  catalytic  crack- 
ing  process  is  obtained  when  the  starting  reaction 

io  mixture  of  hydrocarbons  and  catalyst  particles  in 
the  lower  end  of  the  riser  cracking  reactor  has  a 
temperature  of  520  to  560  °  C.  During  the  cracking 
process  in  the  riser  cracking  reactor,  the  tempera- 
ture  decreases  20  °  to  30  °  C  due  to  the  endother- 

75  mic  character  of  the  reaction,  thus  resulting  in  a 
temperature  of  the  spent  catalyst  particles  of  490  ° 
to  540  °  C.  During  the  usual  stripping  of  the  cata- 
lyst,  the  temperature  will  fall  another  5  °  C.  Thus, 
the  spent  catalyst  particles  introduced  into  the  riser 

20  regeneration  reactor  usually  will  have  a  tempera- 
ture  between  485  and  535  °  C.  This  temperature  is 
far  too  low  for  an  efficient  combustion  of  the  car- 
bonaceous  materials  deposited  on  the  catalyst  par- 
ticles  during  the  cracking  process.  Efficient  com- 

25  bustion  takes  place  at  a  temperature  of  at  least  650 
°  C.  Therefore,  the  slowly  oxidizing  mixture  of 
spent  catalyst  and  oxygen  has  to  be  transported 
over  a  long  distance  in  the  riser  regeneration  reac- 
tor  before  a  sufficiently  high  temperature  is  attained 

30  -  due  to  the  exothermal  oxidation  -  at  which  com- 
bustion  can  take  place  at  a  reasonable  velocity.  As 
a  result,  riser  regeneration  reactors  of  an  extremely 
large  height  are  necessary,  leading  to  increasing 
construction  costs  and  a  large  catalyst  inventory, 

35  thus  resulting  in  high  material,  maintenance  and 
operating  costs  of  the  unit. 

It  has  now  been  found  that  the  disadvantages 
of  the  before-mentioned  process  for  the  removal  of 
carbonaceous  materials  from  particles  containing 

40  such  material  may  be  overcome  by  introducing 
said  particles  into  the  lower  part  of  a  first,  risertype 
reactor,  into  which  lower  part  also  an  oxygen  con- 
taining  gas  is  introduced,  the  reactor  being  op- 
erated  under  entrainment  conditions  with  a  rela- 

45  tively  high  density  phase  in  the  lower  part  and  with 
a  relatively  low  density  phase  in  the  upper  part  at  a 
temperature  suitable  to  burn  off  carbonaceous  ma- 
terials,  separating  solids  and  gas  at  the  top  of  the 
reactor,  introducing  the  separated  particles  into  the 

50  upper  part  of  a  second,  fluidized  bed-type  reactor 
while  introducing  an  oxygen  containing  gas  into  the 
lower  part  of  the  second  reactor,  the  reactor  being 
operated  under  fluidized  bed  conditions  at  a  tem- 
perature  suitable  to  burn  off  carbonaceous  materi- 

55  als,  removing  processed  particles  from  the  lower 
part  of  the  reactor,  and  recirculating  a  part  of  the 
processed  particles  to  the  lower  part  of  the  riser- 
type  reactor. 
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The  process  may  be  operated  by  supplying 
substoichiometric  or  excess  amounts  of  oxygen 
containing  gas  to  either  or  both  reactor  in  such  a 
way  that  the  flue  gases  at  the  top  of  the  reactors 
are  substantially  free  of  oxygen. 

In  the  process  as  described  above,  the  dis- 
advantages  of  the  prior  art  process  as  discussed 
hereinbefore,  have  been  overcome.  By  circulation 
of  regenerated  catalyst  particles  from  the  second 
reactor  to  the  first  reactor  an  increase  of  the  tem- 
perature  of  the  particles  in  the  first  reactor  takes 
place.  As  a  result  thereof,  and  due  to  the  fact  that 
the  lower  part  of  the  first  reactor  is  operated  in  a 
relatively  dense  phase  -  and  therefore  a  longer 
residence  time  as  compared  with  a  relatively  low 
density  phase  -  a  considerable  part  of  the  carbona- 
ceous  materials  is  already  burned  off  in  the  lower 
part  of  the  reactor.  Thus,  the  height  of  the  riser- 
type  reactor  may  be  brought  back  to  a  more  prac- 
tical  height. 

In  the  process  operated  by  supplying  sub- 
stoichiometric  amounts  of  oxygen-containing  gas  to 
the  first  or  both  reactor,  recirculation  of  regenerated 
catalyst  particles  from  the  second  reactor  to  the 
first  is  particularly  beneficial  as  compensation  for 
the  limited  heat  formation  in  the  first  reactor. 

It  is  observed  that  due  to  the  fact  that  the 
operation  of  the  second  reactor,  at  least  within 
certain  boundaries,  is  independent  from  the  opera- 
tion  of  the  first  reactor,  the  system  has  a  great 
flexibility,  and  thus  the  amount  of  circulating  par- 
ticles  may  be  varied  over  a  wide  range.  This  holds 
especially  when  the  particle  inventory  of  the  sec- 
ond  reactor  is  relatively  large  when  compared  with 
the  first  reactor.  The  ratio  of  the  amount  of  particles 
which  are  removed  from  the  second  reactor  and 
the  amount  of  particles  which  are  introduced  again 
in  the  first  reactor  may  vary  between  0.1  and  10, 
and  is  preferably  between  0.2  and  5,  more  prefer- 
ably  between  0.3  and  1.  The  recirculated  particles 
have  to  be  introduced  into  the  relatively  high  den- 
sity  phase  in  the  first  reactor.  Recirculated  particles 
may  be  removed  via  one  or  more  outlets  in  the 
second  reactor  at  different  heights. 

The  process  of  the  present  invention  is  espe- 
cially  suitable  for  the  regeneration  of  spent  FCC- 
catalyst  particles,  although  it  also  may  be  used  for 
other  processes,  as  for  instance  the  combustion  of 
retorted  oil  shale  particles.  The  amount  of  carbon 
on  the  FCC-catalyst  particles  is  suitably  between 
0.5  and  4  %wt,  preferably  between  0.3  and  1.5 
%wt.  The  particles  are  introduced  into  the  relatively 
high  density  phase  of  the  first  reactor. 

The  process  of  the  present  invention  is  suitably 
carried  out  at  a  temperature  in  the  first  reactor  of 
525  °  C  to  725  °  C,  preferably  550  to  650  °  C,  and 
at  a  temperature  in  the  second  reactor  of  625  to 
950  °C,  preferably  700-800  °C.  The  sub- 

stoichiometrical  amount  of  oxygen  introduced  in 
the  first  reactor  may  be  from  20-70%  of  the 
amount  necessary  to  burn  all  the  carbonaceous 
materials,  and  is  preferably  from  40  to  60%,  most 

5  preferably  50%.  The  pressure  in  both  reactors  is 
suitably  between  1  and  10  bar,  preferably  between 
1.5  and  4  bar.  The  pressure  drop  over  the  first 
reactor  is  suitably  between  0.1  and  2  bar,  prefer- 
ably  between  0.3  and  1  bar.  The  pressure  drop 

io  over  the  second  reactor  is  suitably  between  1  and 
5  bar,  preferably  1  .5  and  4  bar. 

The  second  reactor  to  be  used  in  the  process 
according  to  the  present  invention  is  preferably  a 
staged  fluidized  bed. 

is  As  indicated  above,  the  process  of  the  present 
invention  is  especially  suitable  for  the  regeneration 
of  spent  FCC-catalyst  particles.  The  feed  for  the 
FCC-process  is  suitably  a  hydrocarbon  fraction 
boiling  between  250  and  590  °  C,  especially  be- 

20  tween  370  and  540  °  C.  Preferred  feeds  are  at- 
mospheric  and  vacuum  residual  fractions  and 
socalled  synthetic  feed,  such  as  coal  oils,  bitumen, 
shale  oils  and  high  boiling  fractions  thereof.  Usually 
the  boiling  range  is  between  250  and  600  °  C,  or 

25  higher,  and  preferably  a  substantial  amount  boils 
above  450  °  C.  The  conversion  conditions  include  a 
temperature  in  the  range  from  about  425  °  C  to 
about  625  °C,  preferably  from  about  510  °C  to 
about  610  °C.  Cracking  conditions  also  preferably 

30  include  a  pressure  in  the  range  from  about  at- 
mospheric  to  about  4  atmospheres  or  more,  par- 
ticularly  preferably  about  2  atmospheres  to  about  3 
atmospheres.  In  cracking  using  a  fluidized  bed  of 
particulates,  a  catalyst/hydrocarbon  weight  ratio  of 

35  about  2  to  about  50,  preferably  3  to  about  10  is 
usually  quite  suitable.  A  hydrocarbon  weight  hourly 
space  velocity  in  the  cracking  operation  of  about  5 
to  about  50  per  hour  is  preferably  used. 

The  cracking  zone  employed  may  be  of  con- 
40  ventional  design  and  may  use  dilute-phase  fluidiz- 

ed  solids  contact,  riser-type  entrained  solids  con- 
tact,  dense-bed  fluidized  solids  contact,  countercur- 
rent  contact,  a  moving,  packed  bed  of  solids  or  a 
combination  thereof,  between  the  feed  hydrocar- 

45  bons  and  the  catalyst  particles.  Catalyst  fluidiza- 
tion,  entrainment,  etc.  may  be  assisted  by  gases 
such  as  steam  or  nitrogen.  Conventional  spent 
solids  stripping  means  for  removing  volatiles  from 
the  spent  solids  may  also  suitably  be  employed. 

50  The  particulate  solids  to  be  used  in  the  crack- 
ing  process  may  optionally  be  catalytically  active 
or  may  simply  act  as  a  heat  carrier  and  sorbent  for 
the  hydrocarbons.  Essentially,  the  particulate  solids 
employed  must  be  suitably  attrition  resistant  and 

55  refractory  to  the  high  temperatures  and  to  steaming 
which  are  characteristic  of  the  process,  so  that  the 
particles  can  be  circulated  for  a  practical  period  of 
time  in  a  fluidized  system.  Conventional  particulate 
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cracking  catalysts  and  heat  transfer  solids  can  be 
used  in  the  present  process.  Suitable  cracking 
catalysts  may  include  a  zeolitic  crystalline  al- 
uminosilicate  component. 

Particulate  solids  other  than  active,  acidic 
cracking  catalyst  may  alternatively  or  additionally 
be  circulated  in  the  cracking  system.  For  example, 
alumina  particles  may  be  included  in  the  particulate 
solids  inventory  for  the  control  of  sulphur  oxides 
and/or  particles  containing  a  highly  active  combus- 
tion  promoting  metal,  such  as  a  Croup  VIII  noble 
metal,  may  be  mixed  with  the  catalyst  or  heat 
carrier  particles.  Likewise,  particles  having  a  heat 
carrying  capacity  but  low  intrinsic  acidic  cracking 
activity  may  be  circulated  either  alone  or  mixed 
with  more  active  and  acidic  cracking  catalyst  to 
provide  heat  for  either  acidic  or  essentially  thermal 
cracking  of  the  hydrocarbons. 

According  to  the  invention,  coke  containing 
particles  which  result  from  cracking  of  hydrocar- 
bons  are  regenerated  in  two  steps:  (1)  an  entrained 
bed  step,  in  which  particles  and  regeneration  gas 
move  in  cocurrent,  upward  flow;  and  a  (2)  fluidized 
bed  step,  in  which  particles  and  regeneration  gas 
move  in  generally  countercurrent  flow. 

The  first  regeneration  zone,  in  which  particles 
are  partially  regenerated  in  entrained  flow  in  upwar- 
dly  moving  gases,  may  suitably  be  defined  by  any 
vessel,  conduit,  reactor  or  the  like  capable  of  con- 
taining  the  upwardly  moving  gases  and  solids  at 
the  temperatures  and  pressures  employed  in  the 
first  regeneration  stage.  Riser-type  vessels  or 
transfer  line  vessels  of  the  type  used  convention- 
ally  in  carrying  out  riser-cracking  in  fluidized  cata- 
lytic  cracking  systems  are  suitable  for  use  as  the 
first  regeneration  zone  in  the  present  process.  The 
vessels  or  conduit  used  to  provide  the  riser-type 
regeneration  zone  can  be  sized  in  length  and 
cross-sectional  area  to  provide  the  desired  gas  and 
solids  flow  rates  and  residence  times  in  order  to 
create  the  relatively  high  density  phase  in  the  lower 
part  of  the  zone,  and  a  relatively  low  density  phase 
in  the  upper  part  of  the  zone.  Suitable  measures  to 
create  the  differences  in  density  are  introduction  of 
sufficient  amounts  of  gas  at  a  certain  height,  or 
decreasing  the  cross-sectional  area,  thus  increas- 
ing  the  gas  velocity.  In  case  of  a  smaller  cross- 
sectional  area,  the  cross-sectional  area  of  the  rela- 
tively  high  density  phase  zone  is  suitably  between 
4-100  times  as  large  as  the  cross-sectional  area  of 
the  relatively  low  density  zone,  preferably  5-50, 
more  preferably  9-25. 

The  riser  reactor  is  preferably  equipped  with 
means  for  introducing  molecular  oxygen  into  the 
entraining  gas  stream  at  a  plurality  of  vertically 
spaced  levels  in  the  first  regeneration  zone. 

The  second  regeneration  zone,  in  which  fluidiz- 
ed  particles  move  generally  downwardly,  counter- 

current  to  upwardly  moving  gases,  may  likewise  be 
defined  by  any  vessel,  conduit,  reactor  or  the  like 
capable  of  containing  the  fluidized  particles  in  flow- 
ing  gases  at  the  temperatures  and  pressures  used 

5  in  the  second,  fluidized  stage  of  regeneration.  Pref- 
erably,  the  second  regeneration  zone  comprises  a 
vertically  elongated  vessel  having  a  length  and 
diameter  suitably  adjusted  for  providing  gas  and 
solids  residence  times  and  solids  fluidization  ac- 

io  cording  to  the  parameters  of  the  process.  In  order 
to  prevent  gross  back-mixing  of  generally  down- 
wardly  moving  particles  in  the  second  regeneration 
stage,  the  vessel  employed  should  be  equipped 
with  some  sort  of  means  for  impeding  back-mixing 

is  such  as  barriers,  baffles,  solids  or  gas  dispersing 
means,  redistribution  means,  or  the  like.  For  exam- 
ple,  perforated  plates,  bars,  screens,  packing  ma- 
terial,  or  other  suitable  internals  may  be  used  to 
impede  back-mixing. 

20  The  catalyst  entrainment-regeneration  gas  in- 
troduced,  in  addition  to  the  desired  amount  of 
molecular  oxygen,  may  include  such  relatively  inert 
gases  as  nitrogen,  steam,  carbon  monoxide,  car- 
bon  dioxide,  etc.  The  composition  of  the  entraining 

25  gases  will,  of  course,  vary  along  the  gas  flow  path 
through  the  regeneration  zone,  as  the  gases  pass 
from  the  upstream  end  to  the  downstream  end  of 
the  riser  reactor.  The  amount  of  entraining  gas  and 
its  pressure  and  superficial  velocity  in  the  riser  are 

30  maintained  at  levels  such  that  the  particles  present 
in  the  riser  are  entrained  upwardly  through  the 
riser. 

A  solids  residence  time  in  the  relatively  low 
density  phase  zone  of  the  riser  reactor  of  about  3 

35  to  6  seconds  and  a  gas  residence  time  of  about  2 
to  4  seconds  are  generally  suitable.  Preferably, 
when  the  entraining  gas  is  recovered  from  the  riser 
reactor,  it  has  a  sufficiently  high  fuel  value  to  have 
utility  as  a  fuel  gas.  The  utility  of  the  effluent  gas 

40  from  the  riser  reactor  as  a  fuel  gas  will  depend 
primarily  on  the  carbon  monoxide  content  of  the 
gas.  This  may  vary  according  to  the  oxygen  and 
steam  partial  pressures,  the  total  pressure,  the  gas 
and  solids  residence  times  and  the  exact  tempera- 

45  ture  maintained  in  the  riser  reactor.  The  amount  of 
molecular  oxygen  (free  oxygen)  introduced  into  the 
first  stage  regeneration  zone  is  preferably  con- 
trolled  to  provide  the  desired  degree  of  coke  burn 
off  in  the  entrained  bed  reactor,  whether  all  the 

50  oxygen  is  introduced  at  the  downstream  end  of  the 
reactor  or  some  is  introduced  further  along  the 
entraining  gas  path.  The  entraining  gas  exiting  the 
first  regeneration  zone  should  generally  have  an 
oxygen  concentration  of  not  more  than  0.5  volume 

55  percent.  Preferably,  the  effluent  gas  contains  not 
more  than  0.1  volume  percent  molecular  oxygen. 
Where  it  is  desired  to  operate  the  riser  reactor  to 
obtain  a  high  fuel  value  flue  gas,  the  first  and 
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second  reactors  suitably  have  separate  flue  sys- 
tems. 

After  the  partially  regenerated  particles  have 
been  removed  from  the  riser  reactor  and  separated 
from  the  entraining  gas  stream,  the  particles  are 
subject  to  a  second  stage  of  regeneration  in  a 
fluidized  bed,  wherein  the  particles  moved  gen- 
erally  downwardly  in  countercurrent  flow  relative  to 
a  fluidizing  stream  of  gases.  In  carrying  out  the 
second  stage  of  regeneration,  particles  are  passed 
into  the  upper  end  of  a  generally  vertically  extend- 
ing  regeneration  zone,  in  which  the  particles  are 
fluidized  by  an  upwardly  flowing  stream  of  gases. 
Coke-free,  regenerated  particles  are  withdrawn 
from  the  lower  end  of  the  regeneration  zone  for 
reintroduction  into,  the  cracking  process  of  which  a 
part  is  recirculated  to  the  first  reactor. 

The  invention  also  relates  to  an  apparatus  for 
the  removal  of  carbonaceous  materials  from  par- 
ticles  containing  such  materials.  In  this  respect 
reference  is  made  to  Figure  1,  representing  an 
apparatus  according  to  the  invention,  comprising  a 
first,  riser-type  reactor  (1)  comprising  a  normally 
vertical,  elongated  reactor  provided  with  solids  inlet 
means  (2)  and  gas  inlet  means  (3)  at  the  lower  part 
of  the  reactor,  means  for  separating  solids  and  gas 
(4)  having  an  inlet  (5)  connected  with  the  upper 
part  of  the  first  reactor,  and  having  a  gas  (6)  and  a 
solids  outlet  (7),  a  second,  fluidized  bed  reactor  (8), 
comprising  a  normally  vertical  reactor  connected 
with  the  solids  outlet  (7)  of  the  gas/solids  separa- 
tion  means  and  provided  with  gas  inlet  means  (9) 
at  the  lower  part  of  the  reactor  and  with  solid  outlet 
means  (10),  the  first  and  the  second  reactor  being 
connected  with  means  (11)  for  the  recirculation  of 
solids  from  the  second  reactor  to  the  first  reactor. 

In  a  preferred  embodiment  the  lower  part  of  the 
riser  reactor  has  a  larger  diameter  than  the  upper 
part  of  the  reactor,  as  is  shown  in  Figure  1  .  Further 
details  on  this  feature  have  been  described  above. 
Also  conical  reactors  may  be  used. 

In  another  preferred  embodiment  one  or  more 
additional  gas  inlet  means  (12)  are  present  above 
the  lower  part  of  the  reactor.  Preferably  the  solids 
outlet  means  of  the  gas/solids  separation  means 
are  connected  with  the  upper  part  of  the  second 
reactor.  Suitably  one  or  more  cyclones  may  be 
used.  The  solids  outlet  means  of  the  second  reac- 
tor  are  preferably  present  at  the  lower  part  of  the 
reactor.  The  second,  fluidized  bed-type  reactor  is 
preferably  provided  with  internals  (13)  making  it 
possible  to  create  a  staged  fluidized  bed.  Plates, 
gauges,  trays  etc.  may  be  used.  The  solids  recir- 
culation  means  is  preferably  provided  with  a  valve, 
making  adjustment  of  the  recirculation  ratio  possi- 
ble.  The  second  reactor  may  be  provided  with  a 
separated  gas  outlet  at  the  upper  part  of  the  reac- 
tor,  or  the  gas  outlet  may  be  combined  with  the 

gas  outlet  of  the  gas/solids  separation  means  as  for 
instance  has  been  described  in  European  patent 
application  No.  0206399.  The  second  reactor  may 
be  provided  with  heat  exchanging  means  in  the 

5  lower  part  of  the  reactor.  Preferably  a  cooling  heat 
exchange  device  is  provided  at  the  bottom  of  the 
reactor  as  for  instance  has  been  described  in  Eu- 
ropean  patent  application  No.  340852. 

w  Claims 

1.  Process  for  the  removal  of  carbonaceous  ma- 
terials  from  particles  containing  such  materials, 
comprising  introducing  said  particles  into  the 

is  lower  part  of  a  first,  riser-type  reactor,  into 
which  lower  part  also  an  oxygen  containing 
gas  is  introduced,  the  reactor  being  operated 
under  entrainment  conditions  with  a  relatively 
high  density  phase  in  the  lower  part  and  with  a 

20  relatively  low  density  phase  in  the  upper  part 
at  a  temperature  suitable  to  burn  off  carbona- 
ceous  materials,  separating  solids  and  gas  at 
the  top  of  the  reactor,  introducing  the  sepa- 
rated  particles  into  the  upper  part  of  a  second, 

25  fluidized  bed-type  reactor  while  introducing  an 
oxygen  containing  gas  into  the  lower  part  of 
the  second  reactor,  the  reactor  being  operated 
under  fluidized  bed  conditions  at  a  temperature 
suitable  to  burn  off  carbonaceous  materials, 

30  removing  processed  particles  from  the  lower 
part  of  the  reactor,  and  recirculating  a  part  of 
the  processed  particles  to  the  lower  part  of  the 
riser-type  reactor. 

35  2.  Process  according  to  claim  1  ,  for  the  removal 
of  carbonaceous  materials  from  particles  con- 
taining  such  materials,  comprising  introducing 
said  particles  into  the  lower  part  of  a  first,  riser- 
type  reactor,  into  which  lower  part  also  a  sub- 

40  stoichiometrical  amount  of  an  oxygen  contain- 
ing  gas  is  introduced,  the  reactor  being  op- 
erated  under  entrainment  conditions  with  a  rel- 
atively  high  density  phase  in  the  lower  part 
and  with  a  relatively  low  density  phase  in  the 

45  upper  part  at  a  temperature  suitable  to  burn  off 
carbonaceous  materials,  at  such  a  rate  that  the 
flue  gas  at  the  top  of  the  reactor  does  not 
contain  any  substantial  amount  of  oxygen,  sep- 
arating  solids  and  gas  at  the  top  of  the  reactor, 

50  introducing  the  separated  particles  into  the  up- 
per  part  of  a  second,  fluidized  bed-type  reactor 
while  introducing  an  oxygen  containing  gas 
into  the  lower  part  of  the  second  reactor,  the 
reactor  being  operated  under  fluidized  bed 

55  conditions  at  a  temperature  suitable  to  burn  off 
carbonaceous  materials,  the  amount  of  oxygen 
containing  gas  being  established  in  such  a  way 
that  the  flue  gas  at  the  top  of  the  reactor  is 

5 
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substantially  free  of  oxygen,  removing  pro- 
cessed  particles  from  the  lower  part  of  the 
reactor,  and  recirculating  a  part  of  the  pro- 
cessed  particles  to  the  lower  part  of  the  riser- 
type  reactor.  5 

3.  Process  according  to  claim  1  in  which  the 
carbonaceous  materials  containing  particles 
are  spent  FCC-catalyst  particles. 

10 
4.  Process  according  to  claim  1  in  which  the 

temperature  in  the  riser-type  reactor  is  be- 
tween  525  °  C  and  725  °  C,  and  the  tempera- 
ture  of  the  fluidized  bed  reactor  is  between 
625  °  C  and  950  °  C.  w 

diameter  than  the  upper  part  of  the  reactor. 

11.  Apparatus  according  to  claim  10,  in  which  ad- 
ditional  gas  inlet  means  are  present  above  the 
lower  part  of  the  reactor. 

12.  Apparatus  according  to  any  of  claims  9-11,  in 
which  the  solids  outlet  means  of  the  gas/solids 
separation  means  are  connected  with  the  up- 
per  part  of  the  second  reactor. 

13.  Apparatus  according  to  any  of  claims  9-12,  in 
which  the  solids  outlet  means  of  the  second 
reactor  are  present  at  the  lower  part  of  the 
reactor. 

5.  Process  according  to  claims  1-4  in  which  the 
substoichiometrical  amount  of  oxygen  intro- 
duced  in  the  first  reactor  is  sufficient  to  burn 
off  20-70%  of  the  carbonaceous  materials. 

14.  Apparatus  according  to  any  of  claims  9-13,  in 
which  the  second  reactor  is  provided  with  in- 
ternals  making  it  possible  to  create  a  staged 

20  fluid  bed. 

Process  according  to  any  one  of  claims  1-5,  15. 
wherein  as  second  reactor  a  staged  fluidized 
bed  reactor  is  used. 

25 
Process  according  to  claims  1-6  in  which  the 
ratio  of  the  densities  of  the  relatively  high 
density  phase  and  the  relatively  low  density 
phase  is  between  5  and  50,  preferably  be- 
tween  10  and  30,  more  preferably  about  20.  30 

Apparatus  according  to  any  of  claims  9-14,  in 
which  the  solids  recirculation  means  is  pro- 
vided  with  a  valve  making  adjustment  of  the 
recirculation  ratio  possible. 

Process  according  to  any  one  of  claims  1-7, 
wherein  the  ratio  of  the  amount  of  particles 
which  are  removed  from  the  second  reactor 
and  the  amount  of  particles  which  are  recir- 
culated  to  the  first  reactor  is  between  0.1  and 
10. 

35 

9.  Apparatus  for  the  removal  of  carbonaceous 
materials  from  particles  containing  such  ma-  40 
terials,  comprising  a  first,  riser-type  reactor 
comprising  a  normally  vertical,  elongated  reac- 
tor  provided  with  solids  and  gas  inlet  means  at 
the  lower  part  of  the  reactor,  means  for  sepa- 
rating  solids  and  gas  having  an  inlet  connected  45 
with  the  top  of  the  first  reactor,  and  having  a 
gas  and  a  solids  outlet,  a  second,  fluidized 
bed-type  reactor,  comprising  a  normally  verti- 
cal  reactor  connected  with  the  solids  outlet  of 
the  gas/solids  separation  means  and  provided  50 
with  gas  inlet  means  at  the  lower  part  of  the 
reactor  and  with  solids  outlet  means,  the  first 
and  the  second  reactor  being  connected  with 
means  for  the  recirculation  of  solids  from  the 
second  reactor  to  the  first  reactor.  55 

10.  Apparatus  according  to  claim  9,  in  which  the 
lower  part  of  the  riser  reactor  has  a  larger 

6 
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