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Description 

The  present  invention  relates  to  a  process  for  preparing  a  lower  aliphatic  hydrocarbon  comprising  an 
olefin  having  3  or  4  carbon  atoms  as  a  main  component  from  a  hydrocarbon  having  5  to  10  carbon  atoms. 

5  Furthermore,  the  present  invention  relates  to  a  process  for  preparing  a  lower  hydrocarbon  comprising  a 
paraffin  having  3  or  4  carbon  atoms  as  a  main  component  by  the  catalytic  cracking  by  using  a  specific 
mordenite  catalyst. 

Various  investigations  have  been  made  to  obtain  a  fraction  having  3  or  4  carbon  atoms,  which  is 
industrially  valuable,  in  a  high  yield  from  a  petroleum  type  hydrocarbon  compound,  represented  by  naphtha 

io  or  the  like,  as  the  starting  material.  However,  only  the  thermal  cracking  is  adopted  as  the  industrial  process, 
and  the  operation  is  carried  out  under  such  conditions  that  the  yield  of  a  fraction  having  2  or  3  carbon 
atoms  is  highest.  As  the  known  process  comprising  catalytically  cracking  a  hydrocarbon  to  prepare  a 
paraffin  and/or  olefin  having  a  reduced  carbon  number,  a  process  using  a  silica/alumina  type  oxide  or 
zeolite  as  the  catalyst  is  disclosed  in  "Petroleum  Refining  Process",  page  59  (1978),  compiled  by  the 

75  Association  of  Petroleum  and  Industrial  &  Engineering  Chemistry,  39,  (8),  1032  (1947).  However,  this 
process  is  defective  in  that  a  high  temperature  of  500  to  600  'Cora   higher  temperature  is  necessary  and 
hence,  the  amount  formed  of  a  hydrocarbon  having  1  or  2  carbon  atoms  is  large  and  the  selectivity  to  a 
hydrocarbon  having  3  or  4  carbon  atoms,  aimed  for  by  the  present  invention,  is  low,  and  that  reduction  of 
the  activity  of  the  catalyst  is  great.  In  Journal  of  Catalysis,  6,  278  (1966),  it  is  taught  that  a  hydrogen  ion- 

20  exchanged  mordenite  type  zeolite  exerts  an  effect  for  the  cracking  reaction  to  a  hydrocarbon  having  3  to  4 
carbon  atoms.  However,  this  catalyst  is  not  satisfactory  in  the  selectivity  to  a  hydrocarbon  having  3  or  4 
carbon  atoms  and  the  yield,  and  the  performances  are  insufficient  for  an  industrial  process. 

Furthermore,  there  is  proposed  a  process  in  which  an  olefin  having  3  or  4  carbon  atoms  is  prepared  by 
dehydrogenating  a  paraffin  having  3  or  4  carbon  atoms.  For  example,  there  can  be  mentioned  a  process  in 

25  which  propylene  is  prepared  by  dehydrogenating  propane  at  a  temperature  of  570  to  680  °C  in  the 
presence  of  a  chromium/aluminum  type  catalyst  (U.S.  Patent  No.  3,665,049)  and  a  process  in  which 
propylene  is  prepared  by  dehydrogenating  propane  at  300  to  700  °C  in  the  presence  of  a  catalyst 
comprising  platinum  and  magnesium  oxide  or  manganese  oxide  supported  on  a  zeolite  (Japanese 
Unexamined  Patent  Publication  No.  61-197040).  These  processes,  however,  are  defective  in  that  the 

30  amount  formed  of  a  hydrocarbon  having  1  or  2  carbon  atoms  is  large  and  the  yield  of  the  intended  olefin  is 
low. 

In  Japanese  Unexamined  Patent  Publication  No.  62-22891  proposed  by  us,  there  is  disclosed  a  process 
in  which  a  paraffin  and/or  olefin  having  3  or  4  carbon  atoms  is  prepared  by  the  catalytic  cracking  of  a 
paraffin  having  5  to  10  carbon  atoms  in  the  presence  of  a  catalyst  formed  by  treating  a  metal  oxide  or 

35  composite  metal  oxide  with  a  fluorine-containing  compound.  According  to  this  process,  the  paraffin  and 
olefin  are  prepared  in  the  form  of  a  mixture,  and  it  is  difficult  to  form  the  olefin  at  a  high  selectivity. 

It  is  a  primary  object  of  the  present  invention  to  provide  a  process  for  preparing  an  olefin  having  3  or  4 
carbon  atoms  at  a  high  selectivity  and  in  a  high  yield  from  a  paraffin  having  5  to  10  carbon  atoms  or  a 
hydrocarbon  comprising  this  paraffin  as  the  main  component. 

40  Another  object  of  the  present  invention  is  to  provide  a  process  for  preparing  an  olefin  having  3  or  4 
carbon  atoms  from  a  paraffin  having  5  to  10  carbon  atoms  while  controlling  formation  of  a  hydrocarbon 
having  1  or  2  carbon  atoms. 

Still  another  object  of  the  present  invention  is  to  provide  a  process  for  preparing  a  paraffin  having  3  or  4 
carbon  atoms  from  a  paraffin  having  5  to  10  carbon  atoms  at  a  high  selectivity  and  in  a  high  yield. 

45  A  further  object  of  the  present  invention  is  to  provide  a  process  for  the  catalytic  cracking  of  a  paraffin 
having  5  to  10  carbon  atoms,  in  which  the  activity  of  the  catalyst  can  be  maintained  at  a  high  level  stably 
for  a  long  time  and  an  intended  paraffin  having  3  or  4  carbon  atoms  can  be  continuously  prepared  at  a  high 
selectivity  and  in  a  high  yield. 

GB-A-1  ,183,397  discloses  a  process  for  the  preparation  of  a  hydrocarbon  comprising  a  parafin  having  3 
50  or  4  carbon  atoms  as  a  main  component  by  catalytic  cracking  of  a  parafin  having  for  example  10  carbon 

atoms  or  a  hydrocarbon  comprising  this  parafin.  As  the  catalyst,  a  mordenite,  having  at  least  a  portion  of  its 
exchangeable  cation  sites  occupied  by  hydrogen  ions,  is  used. 

Furthermore,  it  is  known  from  US-A-3,665,049  to  convert  a  parafin  having  3  carbon  atoms  as  a  main 
component  in  the  presence  of  a  dehydrogenating  catalyst  to  a  hydrocarbon  comprising  an  olefin  having 

55  three  carbon  atoms  as  a  main  component. 
The  invention  is  directed  to  a  process  for  the  preparation  of  a  lower  aliphatic  hydrocarbon  comprising 

an  olefin  having  3  or  4  carbon  atoms  as  the  main  component  from  a  paraffin  having  5  to  10  carbon  atoms 
or  a  hydrocarbon  comprising  this  paraffin  as  the  main  component,  which  comprises  catalytically  cracking  a 
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paraffin  having  5  to  10  carbon  atoms  or  a  hydrocarbon  comprising  this  paraffin  as  the  main  component  in 
the  presence  of  a  catalytic  cracking  catalyst  having  a  strong  acidity  which  is  composed  of  a  mordenite 
containing  a  rare  earth  metal  component  introduced  by  ion  exchange  or  a  solid  super-strong  acid  formed  by 
supporting  a  sulfuric  acid  ion  on  a  carrier  composed  of  Zn(ON)+,  Zr02,  hUTiCU,  TiCfe  or  Fe2  03,  and 

5  dehydrogenating  the  hydrocarbon  comprising  a  paraffin  having  3  or  4  carbon  atoms  as  the  main 
component,  obtained  at  the  catalytically  cracking  with  a  dehydrogenation  catalyst  to  an  olefin  having  3  or  4 
carbon  atoms  as  the  main  component. 

Fig.  1  is  a  systematic  of  the  illustrating  an  example  of  the  fluidized  bed  type  catalytic  cracking  process, 
in  which  reference  numeral  1  represents  a  fluidized  bed  reactor,  reference  numeral  2  represents  a  starting 

io  material  tank,  reference  numeral  3  represents  a  separator,  and  reference  numeral  4  represents  a  regenera- 
tion  column. 

In  principle,  the  present  invention  comprises  the  first  reaction  of  catalytically  cracking  a  hydrocarbon  (a) 
in  the  presence  of  a  catalytic  cracking  catalyst  to  convert  the  hydrocarbon  (a)  to  a  hydrocarbon  (b),  and  the 
second  reaction  of  dehydrogenating  the  hydrocarbon  (b)  obtained  by  the  first  reaction  to  convert  the 

is  hydrocarbon  (b)  to  a  hydrocarbon  (c). 

(Starting  Material) 

The  hydrocarbon  (a)  used  as  the  starting  material  in  the  present  invention  is  a  paraffin  having  5  to  10 
20  carbon  atoms  as  the  main  component.  As  specific  example  of  the  paraffin,  there  can  be  mentioned  n- 

pentane,  2-methylbutane,  n-hexane,  3-methylpentane,  2,2-dimethylbutane,  2,3-dimethylbutane,  n-heptane, 
2-methylhexane,  3-methylhexane,  3-ethylpentane,  2,2-dimethylpentane,  2,3-dimethylpentane,  2,4-dimethyl- 
pentane,  2,2,3-trimethylbutene,  n-octane,  3-ethlhexane,  2,5-dimethlhexane,  nonane  and  decane.  Among 
them,  n-hexane,  3-methylpentane,  2,3-dimethylbutane,  n-heptane,  2-methylhexane,  3-methylhexane,  3- 

25  ethylpentane,  2,2-dimethylpentane,  2,3-dimethylpentane  and  2,4-dimethylpentane  are  preferably  used  in  the 
present  invention. 

In  the  first  reaction  of  the  present  invention,  one  of  the  above-mentioned  paraffins  or  a  mixture  of  two  or 
more  of  them  is  catalytically  cracked  in  the  presence  of  a  catalytic  cracking  catalyst  having  a  strong  acidity. 
Furthermore,  a  hydrocarbon  mixture  comprising  the  above-mentioned  paraffin  and  other  hydrocarbon,  for 

30  example,  an  aromatic  component,  naphthene  component  or  olefin  component  such  as  cyclohexane, 
cyclohexene,  benzene,  decalin®,  tetralin®,  hexene  or  octene,  in  which  the  content  of  the  paraffin  having  5 
to  10  carbon  atoms  is  at  least  30%  by  weight,  especially  at  least  50%  by  weight,  can  be  used  as  the 
starting  material.  As  the  hydrocarbon  mixture  used  as  the  starting  meterial  in  the  present  invention,  there 
can  be  mentioned  soft  naphtha  having  a  boiling  point  of  30  to  130°C,  which  is  obtained  by  distillation 

35  separation  or  catalytic  cracking  of  crude  oil. 

(Catalytic  Cracking  Reaction) 

A  catalytic  cracking  catalyst  having  a  strong  acidity,  which  is  capable  of  catalytically  cracking  the 
40  hydrocarbon  (a)  to  convert  it  to  the  hydrocarbon  (b),  is  used  as  the  catalytic  cracking  catalyst  at  the  first 

reaction.  A  soild  acid  catalyst  in  which  the  acid  quantity  at  an  acid  strength  function  Ho  of  <  -8.2  is  at  least 
0.05  millimole/g,  especially  at  least  0.1  millimole/g,  is  advantageously  used  as  the  catalytic  cracking  catalyst 
having  a  strong  acidity.  The  acid  strength  distribution  of  the  solid  acid  can  be  determined  by  the  n- 
butylamine  titration  method  using  a  Hammett  indicator.  The  acid  quantity  at  the  above-mentioned  acid 

45  strength  distribution  can  be  determined  by  the  titration  using  n-butylamine  as  the  indicator. 
The  mordenite  is  a  zeolite  having  a  specific  crystal  structure  called  "mordenite  structure"  and  is  a 

tectoalumino-silicate  having  an  ion-exchangeable  cation,  such  as  sodium,  potassium  or  calcium,  which  is 
naturally  produced  or  is  available  in  the  form  of  a  synthetic  product. 

The  mordenite  in  which  the  cation  or  hydrogen  ion  is  exchanged  with  a  rare  earth  metal  is  a  rare  earth 
50  metal-exchanged  mordenite. 

In  accordance  with  one  embodiment  of  the  present  invention,  a  mordenite  ion-exchanged  with  a  rare 
earth  element  is  used  as  the  catalytic  cracking  catalyst.  Lanthanum  and  cerium  are  preferable  as  the  rare 
earth  element.  Furhtermore,  there  can  be  used  yttrium,  scandium,  praseodymium,  neodium,  promethium, 
samarium,  europium,  gadolinium,  terbium,  dysprosium,  holmium,  erbium,  thulium,  ytterbium  and  lutetium. 

55  These  rare  earth  can  be  used  singly  or  in  the  form  of  mixtures  of  two  or  more  of  them.  The  content  of  the 
rare  earth  metal  ion  in  the  catalyst  is  not  particularly  critical,  but  it  is  generally  preferred  that  the  content  of 
the  rare  earth  metal  ion  be  0.1  to  10%  by  weight,  especially  1  to  5%  by  weight,  based  on  the  catalyst.  The 
ion  exchange  treatment  with  the  rare  earth  metal  component  can  be  performed  by  using  an  aqueous 
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solution  of  a  water-soluble  salt,  such  as  a  nitrate,  of  the  rare  earth  element  and  bringing  a  mordenite  or  a 
hydrogen  ion-exchanged  mordenite  into  contact  with  this  aqueous  solution. 

Furthermore,  a  solid  super-strong  acid  catalyst  can  be  used.  For  example,  there  can  be  mentioned 
catalysts  prepared  by  making  an  SCU2-  ion  adsorbed  in  a  carrier  composed  of  Zr(0H)4,  Zr02,  hUTiCU,  Ti02 

5  or  Fe2  03.  These  catalysts  can  be  prepared  according  to  the  method  customarily  adopted  for  the  production 
of  ordinary  solid  super-strong  acid  catalysts. 

The  first  reaction  of  the  present  invention  is  a  catalytic  cracking  reaction,  and  by  using  the  above- 
mintioned  catalytic  cracking  catalyst  having  a  strong  acidity,  a  paraffin  having  5  to  10  carbon  atoms  or  a 
hydrocarbon  comprising  this  paraffin  as  the  main  component  as  the  hydrocarbon  (a)  is  catalytically  cracked 

io  to  form  a  hydrocarbon  (b)  comprising  a  paraffin  having  3  or  4  carbon  atoms  as  the  main  component.  A 
known  gas-phase  catalytic  reaction  apparatus  can  be  used  for  this  reaction.  For  example,  a  fixed  bed  type 
reaction  apparatus,  a  moving  bed  type  reaction  apparatus  and  a  fluidized  bed  type  reaction  apparatus  can 
be  used. 

It  is  preferred  that  the  first  reaction  of  the  present  invention  be  carried  out  at  a  reaction  of  the  present 
is  invention  be  carried  out  at  a  reaction  temperture  of  250  to  580  °  C,  especially  300  to  550  °  C.  If  the  reaction 

temperature  is  lower  than  250  °C,  cracking  of  the  starting  hydrocarbon  (a)  is  hardly  caused  and  no  good 
results  can  be  obtained.  If  the  reaction  is  higher  than  580  °C,  formation  of  hydrocarbon  having  1  or  2  carbon 
atoms,  such  as  methane  and  ethane,  as  by-products  becomes  conspicuous  and  selectivity  to  the  hydrocar- 
bon  (b)  comprising  a  paraffin  having  3  or  4  carbon  atoms  as  the  main  component  is  reduced,  and  no  good 

20  results  can  be  obtained. 
In  accordance  with  a  preferred  embodiment  of  the  present  invention,  a  fluidized  bed  type  reaction 

apparatus  is  used  the  reaction  apparatus  and  the  catalytic  reaction  is  carried  out  by  the  fluidized  bed 
method. 

Fig.  1  is  a  systematic  diagram  illustrating  the  fluidized  bed  type  catalystic  cracking  method,  in  which 
25  reference  numeral  1  represents  a  fluidized  bed  reactor,  reference  numeral  2  represents  a  starting  material 

tank,  reference  numeral  3  represents  a  separator  and  reference  numeral  4  represents  a  regeneration 
column. 

The  structure  of  the  fluidized  bed  type  reactor  is  not  particularly  critical,  so  far  as  the  cracking  catalyst 
is  fluidized  by  a  fluid  comprising  the  starting  material  to  be  cracked  and/or  the  cracking  product,  but  use  of 

30  a  tubular  reactor  is  generally  preferable. 
The  mordenite  type  zeolite  catalyst  to  be  packed  in  the  fluidised  bed  type  reactor  1  can  be  used  singly, 

or  it  can  be  used  in  the  form  of  a  mixture  with  a  metal  oxide  such  as  silica/alumina,  alumina  or  other  zeolite. 
The  particle  size  of  the  cracking  catalyst  is  not  particularly  critical  so  far  as  the  fluidized  state  is  stably 
formed,  but  it  is  generally  preferred  that  the  average  particle  size  be  smaller  than  100  urn. 

35  In  the  fluidized  bed  type  catalytic  cracking  reaction,  a  material  5  to  be  cracked  is  introduced  into  the 
fluidized  bed  type  reactor  1  from  the  starting  material  tank  2  by  a  pump  6,  and  the  starting  material  5  is 
preheated  and  gasified  in  a  preheating  layer  7.  The  gas  is  allowed  to  rise  through  a  partition  plate  8  and 
fluidizes  a  catalyst  layer  9  to  form  a  fluidized  bed,  whereby  the  catalytic  cracking  is  effected. 

The  residence  time  of  the  starting  material  to  be  cracking  depends  on  the  cracking  activity  of  the 
40  catalyst,  but  the  residence  time  is  generally  1  to  100  seconds  and  preferably  5  to  30  seconds. 

The  cracking  reaction  can  be  carried  out  at  a  reaction  temperature  of  250  to  580  °  C,  preferably  300  to 
550  °C.  If  the  reaction  temperature  is  lower  than  250  °C,  the  cracking  reaction  speed  is  drastically  reduced, 
and  if  the  reaction  temperture  is  higher  than  580  °  C,  coking  deterioration  is  violent  and  no  good  results  can 
be  obtained. 

45  A  part  of  the  cracking  catalyst  is  withdrawn  from  the  reactor  1  together  with  a  reaction  fluid  10  and  is 
separated  from  the  reaction  fluid  10  in  the  separator  3,  and  a  part  of  the  separated  catalyst  is  returned  to 
the  reactor  1.  A  product  gas  containing  a  paraffin  having  3  or  4  carbon  atoms  is  recovered  from  the 
separator  3. 

Since  the  cracking  activity  of  the  withdrawn  catalyst  is  reduced  by  coking,  after  the  separation  from  the 
50  cracking  product,  a  part  13  of  the  catalyst  is  introduced  into  the  regeneration  column  4  and  is  regenerated 

by  an  ordinary  burning  regeneration  treatment  by  supplied  air  14.  The  regeneration  operation  can  be  carried 
out  in  a  continuous  manner  or  batchwise.  The  regenerated  catalyst  having  a  completely  restored  cracking 
activity  is  supplied  again  to  the  reactor  1  in  an  amount  corresponding  to  the  amount  of  the  withdrawn 
catalyst.  The  regenerated  catalyst  can  be  supplied  to  the  reactor  continuously  or  intermittently.  It  is 

55  generally  preferred  that  the  burning  regeneration  be  carried  out  at  a  temperature  of  400  to  800  °  c.  If  the 
temperature  is  lower  than  400  °  C,  the  regeneration  treating  speed  is  extremely  low,  and  if  the  temperature 
is  higher  than  800  °  C,  there  is  a  risk  of  occurrence  of  a  structural  change  in  the  catalyst. 
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In  the  catalytic  decomposition  reaction,  the  residence  time  of  the  reaction  mixture  is  preferably  0.1  to 
100  seconds  generally,  and  0.5  to  20  seconds  especially. 

The  second  reaction  of  the  present  invention  is  a  dehydrogenation  reaction,  and  the  hydrocarbon  (b) 
obtained  by  the  catalytic  cracking  of  the  first  reaction  stage  is  dehydrogenated  by  using  the  dehydrogena- 

5  tion  catalyst  to  convert  the  paraffin  to  an  olefin,  whereby  the  intended  hydrocarbon  (c)  is  prepared  from  the 
hydrocarbon  (b).  An  ordinary  dehydrogenation  catalysts  such  as  catalyst  comprising  aluminum  oxide  and 
chromium  oxide,  a  catalyst  comprising  iron  oxide  and  chromium  oxide,  and  noble  metal-containing  catalysts 
may  be  used  as  the  dehydrogenation  catalyst  in  this  invention.  The  noble  metal  containing  catalysts  that 
can  be  used  may  be,  for  example,  platinum-containing  mordenite,  platinum-containing  Y-type  zeolite, 

io  platinum-containing  ZSM-5,  platinum-containing  silica-alumina,  platinum-containing  aluminum  and  plati- 
num/palladium-containing  mordenite  catalysts.  A  known  gas-phase  catalytic  reaction  apparatus  can  be  used 
for  this  dehydrogenation  reaction.  The  dehydrogenation  reaction  temperature  is  generally  400  to  650  °C  and 
preferably  450  to  600  °  C.  It  is  preferred  that  the  dehydrogenation  reaction  be  carried  out  at  a  temperature 
higher  than  the  temperature  of  the  first  reaction. 

is  The  cracking  product  obtained  at  the  first  reaction  can  be  directly  used  for  the  second  reaction  of  the 
present  invention.  Since  the  cracking  product  of  the  first  reaction  is  obtained  in  the  gas  phase,  this  can  be 
directly  be  supplied  to  the  reaction  apparatus  of  the  second  stage.  If  the  catalyst  used  at  the  first  reaction  is 
contained  in  this  gas-phase  cracking  product,  it  is  preferred  that  the  gas-phase  cracking  product  be 
supplied  to  the  reaction  apparatus  of  the  second  stage  afte  the  catalyst  has  been  separated.  There  can  be 

20  adopted  a  method  in  which  high-boiling-point  fractions  contained  in  the  cracking  product  are  separated  and 
only  a  low-boiling-point  component  comprising  a  paraffin  having  3  or  4  carbon  atoms  is  supplied. 

At  the  dehydrogenation  reaction  of  the  second  stage,  there  can  be  adopted  a  method  in  which  the 
dehydrogenation  is  carried  out  while  adding  an  appropriate  amount  of  steam  or  hydrogen  gas  to  the 
reaction  system. 

25  At  the  above  reaction,  the  reaction  product  coming  from  the  reaction  apparatus  is  cooled  and  separated 
into  a  gas  product  and  a  liquid  product,  and  each  product  is  separated  by  rectification  or  the  like. 

The  reaction  product  obtained  by  the  first  reaction  of  the  present  inventin  is  the  hydrocarbon 
comprising  a  paraffin  having  3  or  4  carbon  atoms  as  the  main  component,  which  is  obtained  by  cracking 
the  paraffin  of  the  starting  hydrocarbon  (a)  to  reduce  the  carbon  number.  The  reaction  product  of  the  above- 

30  mentioned  catalytic  cracking  reaction  comprises  a  paraffin  having  1  to  5  carbon  atoms,  such  as  methane, 
ethane,  propane,  butane,  isobutane,  pentane  or  isopentane,  and  an  olefin  having  2  to  5  carbon  atoms,  such 
as  ethylene,  propylene,  1-butene,  2-butene  (cis  or  trans),  isobutene  or  pentene. 

At  the  second  reaction  of  the  present  invention,  the  reaction  product  obtained  by  the  dehydrogenation 
reaction  is  a  lower  aliphatic  hydrocarbon  (c)  comprising  an  olefin  having  3  or  4  carbon  atoms  as  the  main 

35  component.  The  dehydrogenation  product  contains  a  paraffin  having  1  to  5  carbon  atoms,  such  as  methane, 
ethane,  propane,  butane,  isobutane,  pentane  or  isopentane,  and  an  olefin  having  2  to  5  carbon  atoms,  such 
as  ethylene,  propylene,  1-butene,  2-butene  (cis  or  trans),  isobutene  or  pentene,  but  according  to  the 
process  of  the  present  invention,  an  olefin  having  3  or  4  carbon  atoms  can  be  obtained  as  the  main  product 
among  these  hydrocarbons. 

40  According  to  the  present  invention,  as  the  reaction  of  preparing  a  lower  aliphatic  hydrocarbon  (c) 
comprising  an  olefin  having  3  or  4  carbon  atoms  as  the  main  component  from  (a)  a  paraffin  having  5  to  10 
carbon  atoms  or  a  hydrocarbon  comprising  this  paraffin  as  the  main  component,  there  is  adopted  at  a  two- 
staged  reaction  comprising  a  first  reaction  of  catalytically  cracking  the  hydrocarbon  (a)  in  the  presence  of  a 
catalytic  cracking  catalyst  having  a  strong  actidity  to  convert  it  to  a  hydrocarbon  (b)  comprising  a  paraffin 

45  having  3  or  4  carbon  atoms  as  the  main  component  and  a  second  reaction  of  dehydrogenating  the 
hydrocarbon  (b)  obtained  by  the  first  reaction  by  using  a  dehydrogenation  catalyst  to  convert  the 
hydrocarbon  (b)  to  an  olefin  hydrocarbon  (c).  Accordingly,  the  intended  olefin  hydrocarbon  (c)  can  be 
obtained  at  a  high  selectivity  and  in  a  high  yield  while  controlling  formation  of  hydrocarbons  having  1  or  2 
carbon  atoms. 

50  According  to  the  fluidized  bed  type  preparation  process  of  the  present  invention,  by  using  a  mordenite 
type  zeolite  as  the  catalyst  and  carrying  out  the  catalytic  cracking  reaction  by  the  fluidized  bed  method, 
propane  and  butane  can  be  obtained  in  a  high  yield.  Furthermore,  since  the  catalyst  deteriorated  by  coking 
can  be  withdrawn  from  the  reaction  system  and  regenerated  by  burning  without  interruption  of  the  cracking 
reaction,  a  constant  reaction  product  can  be  continuously  obtained.  Therefore,  complicated  troubles 

55  included  in  the  conventional  cracking  operation  can  be  eliminated,  and  the  separating  and  purifying  steps 
can  be  simplified. 

The  present  invention  will  now  be  described  in  detail  with  reference  to  the  following  examples. 
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Example  1  (outside  the  invention) 

A  Pyrex  reaction  tube  was  filled  with  5  g  of  a  catalyst  (hereinafter  referred  to  as  "H-M")  composed  of  a 
hydrogen  ion-exchanged  mordenite  (TSZ  supplied  by  Toso)  having  a  silica/alumina  molar  ratio  of  15,  and 

5  the  catalyst  was  heated  at  400  °C  while  supplying  nitrogen  gas  into  the  reaction  tube.  When  the 
temperature  arrived  at  the  predetermined  level,  light  naphtha  having  a  boiling  point  of  30  to  110°C  was 
supplied  at  a  rate  of  10  ml/hr  to  effect  cracking  reaction. 

After  naphtha  had  been  passed  through  the  reaction  tube  for  2  hours,  the  obtained  cracking  product 
having  a  composition  shown  in  Table  1  was  introduced  into  a  fixed  bed  reaction  apparatus  heated  at 

io  550  °C,  which  was  filled  with  10  g  of  an  aluminum  oxide/chromium  oxide  catalyst  to  effect  dehydrogenation 
reaction.  A  dehydrogenation  product  having  a  composition  shown  in  Table  1  was  obtained. 

Example  2 

is  In  500  ml  of  distilled  water  was  dissolved  100  g  of  lanthanum  nitrate  hexahydrate,  and  20  g  of  H-M 
used  in  Example  1  was  added  to  the  solution  and  the  ion  exchange  was  carried  out  at  90  °  C  for  7  hours. 
After  water  washing  and  drying,  firing  was  carried  out  at  500  °C  for  3  hours  to  obtain  a  catalytic  cracking 
catalyst  (hereinafter  referred  to  as  "La-M").  Lanthanum  was  contained  in  an  amount  of  1.1%  by  weight  in 
the  obtained  catalyst. 

20  The  cracking  reaction  and  dehydrogenation  reaction  were  carried  out  in  the  same  manner  as  described 
in  Example  1  except  that  the  so-obtained  catalyst  La-M  was  used  as  the  catalytic  cracking  catalyst.  The 
obtained  results  are  shown  in  Table  1  . 

Example  3 
25 

In  2  I  of  distilled  water  was  dissolved  200  g  of  ZrOCl2«8H20,  and  aqueous  ammonia  was  added 
dropwise  with  stirring  to  adjust  the  pH  value  of  the  solution  to  about  8.  The  reaction  product  was  washed 
with  water  and  dried  at  100°C  a  whole  day  and  night  to  obtain  a  hydroxide  of  zirconium.  The  hydroxide 
was  pulverized  to  a  size  smaller  than  2  mesh  and  2  g  of  the  pulverized  hydroxide  was  placed  on  a  filter 

30  paper,  and  30  ml  of  a  1  N  aqueous  solution  of  sulfuric  acid  was  poured  on  the  pulverized  hydroxide  to  make 
SCU2-  adsorbed  in  the  pulverized  hydroxide.  The  hydroxide  was  air-dried  and  fired  at  600  °C  in  air  for  3 
hours  to  obtain  a  catalytic  cracking  catalyst  (hereinafter  referred  to  as  "S042-«Zr02"). 

The  cracking  reaction  and  dehdyrogenation  reaction  were  carried  out  under  the  same  conditions  as 
described  in  Example  1  except  that  this  S042-«ZrO2  catalyst  was  used  as  the  catalytic  cracking  catalyst. 

35  The  obtained  results  are  shown  in  Table  1  . 

Comparative  Example  1 

A  liquid  mixture  (A)  comprising  180  g  of  distilled  water,  6.48  g  of  AI2(SO+)3«nH20  (n  is  16  to  18),  18.6  g 
40  of  H2SO4  (  >  95%)  and  22.6  g  of  (CH3CH2CH2)+NBr,  a  liquid  mixture  (B)  comprising  133  g  of  distilled  water 

and  207  g  of  water  glass  No.  3  (Si02  =  28.9%,  Na20  =  9.28%)  and  a  liquid  mixture  (C)  comprising  313  g 
of  distilled  water  and  78.8  g  of  NaCI  were  independently  prepared. 

The  liquid  mixtures  (A)  and  (B)  were  charged  in  dropping  funnels,  respectively,  and  they  were  dropped 
into  the  liquid  mixture  (C)  with  stirring,  while  maintaining  the  pH  value  of  the  mixed  liquid  at  9  to  11.  The 

45  mixed  liquid  was  placed  in  an  autoclave  and  reaction  was  carried  out  at  160°C  for  20  hours  with  stirring. 
The  reaction  product  was  washed  with  water,  dried  and  fired  at  530  0  C  in  air  for  3  hours  to  obtain  ZSM-5. 
Then,  ZSM-5  was  treated  with  1N  hydrochloric  acid  to  obtain  H-ZSM-5. 

Then,  20  g  of  H-ZSM-5  was  added  to  an  aqueous  solution  of  H2(PtCl4)  prepared  so  that  the  amount 
supported  of  Pt  was  1  %  by  weight.  The  mixture  was  heated  at  60  0  C  with  stirring  for  1  hour,  and  water  was 

50  removed  under  heating  at  90  0  C. 
The  reaction  product  was  fired  at  500  °C  for  3  hours  in  air  and  filled  in  a  Pyrex  glass  reaction  tube. 

Hydrogen  gas  was  gradually  fed  under  heating  at  300  0  C  and  a  reduction  treatment  was  carried  out  for  3 
hours  to  obtain  a  cracking  and  dehydrogenation  catalyst  (hereinafter  referred  to  as  "Pt/ZSM-5"). 

A  quartz  reaction  tube  was  packed  with  10  g  of  Pt/ZSM-5  and  heated  at  550  °C,  and  light  naphtha 
55  having  a  boiling  point  of  30  to  1  10  0  C  was  fed  at  a  rate  of  5  ml/hr  to  effect  reaction.  The  obtained  results  are 

shown  in  Table  1  . 

6 



EP  0  372  471  B1 

> 

co a  a x id 

in i £  en 

CU 

I  I  I  I co CO co cm ON 

70 
<\l  CO o  O k  ■.  cm co  N  k 

C  1 s  cm  co a  -sr  o  x  O  M M  CO  r-t <  

—  o  in 
o  CM co co ro 

75 

20 

25 

CM 
co 
a  i co  E  to «-i  CO  -J .O  X CO  Cx3 £- 

4) i-l a  £  £  1 CO  5  X £3 

CO o  CM u o  
CO o  CM 

CO o  CM u CJ 
CO o  CM 

CM  CO  CM CO CM 

CO CO 

CO m  —  co cm  CM 

t-t  O CM  — CO CO 

c ■H  -  —  ■ 

35 
M  CO  to C  C  -H •H  CJ  CO c  s  y  o  «~ CO  "H  O  >a 
O  CO  c c  o  x. 
O  CO  "H  •  —  - 
4->  CO  O  CO  'rt  U >j  >j  Cj  >j  CO  U r-(  O  3 CO  CO  >i  O  Cu  *o 4->  J->  .C  4->  E  O CO  CO  CO  CO  O  C-i 
CJ  CJ  Q  CJ  CJ  Q. 

O  4) c  c O  CO 
>J  1  >J j=  o  £  
CO  *0  CO CO  >>  o c  -c  = 
CO  CO  CO  CO  CO  CO  CO 
C C J J   Q+->  C  C 
a  co  3  o  co  co  — - j j j 3   c ~ 3 ^   .e  .u  — 
CO  £  ■  O  £  «  - 

CO  C  b  M  0) -  c  o  a.  -h  -  c 
e o c o c o   -h  co  co  co  o C C r H C O   J->CS  C C r —   CO 
C 0 C O > * t i   -HO  CO  CO  >5  f- 
sz  a.  a.  <u  w-H>a  .c  a  c.  co j->  o  0  .e  0-u .o   .u  o  o  j= 
CO  ti  £_  AJ  CCO  CD  C->  S-  J-> e o J q J o   e  c  s<  E a j c i o  o  co CJ  M  >  — 

45 
Example  4-A 

In  500  cc  of  distilled  water  was  dissolved  100  g  of  lanthanum  nitrate  hexahydrate,  and  20  g  of  a 
hydrogen  ion  type  mordenite  (TSZ-620  HOA  supplied  by  Toso)  was  added  to  the  solution,  and  ion 

50  exchange  was  carried  out  for  7  hours  at  90  °C  with  stirring.  The  ion-exchanged  mordenite  was  washed  with 
water,  dried  and  fired  at  500  °  C  for  3  hours  to  obtain  a  catalyst.  Lanthanum  was  contained  in  an  amount  of 
1.1%  by  weight  in  the  obtained  catalyst. 

Then,  0.1  g  of  the  obtained  catalyst  was  packed  in  a  pulse  reactor  connected  directly  to  a  gas 
chromatograph,  and  light  naphtha  having  a  boiling  point  of  30  to  110°  C  under  atomosphere  pressure  was 

55  supplied  in  an  amount  of  0.5  M.I  at  a  reaction  temperature  of  300  °C  to  effect  cracking  reaction.  The  reaction 
results  are  shown  in  Table  2. 
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Examples  4-B  and  4-C 

The  reaction  was  carried  out  under  the  same  conditions  as  described  in  Example  4-A  except  that  the 
reaction  temperature  was  changed  to  400  °C  (Example  7-C)  or  500  °C  (Example  7-D)  from  300  °C.  The 

5  obtained  results  are  shown  in  Table  2. 

Example 

A  catalyst  was  prepared  in  the  same  manner  as  described  in  Example  4-A  except  that  cerium  nitrate 
io  hexahydrate  was  used  instead  of  lanthanum  nitrate  hexahydrate,  and  the  reaction  was  carried  out  under  the 

same  conditions  as  described  in  Example  4-A  by  using  the  obtained  catalyst.  The  obtained  results  are 
shown  in  Table  2.  Cerium  was  contained  in  an  amount  of  2.9%  by  weight  in  the  catalyst. 

Example  4-E 
15 

A  catalyst  was  prepared  in  the  same  manner  as  described  in  Example  4-A  except  that  the  ion  exchange 
was  carried  out  by  using  a  mixture  of  100  g  of  lanthanum  nitrate  hexahydrate  and  100  g  of  cerium  nitrate 
hexahydrate,  and  the  reaction  was  carried  out  under  the  same  conditions  as  described  in  Example  4-A  by 
using  the  obtained  catalyst.  The  obtained  results  are  shown  in  Table  2.  Lanthanum  and  cerium  were 

20  contained  in  amounts  of  0.5%  by  weight  and  1  .6%  by  weight,  respectively. 

Example  4-F 

A  micro-reactor  was  packed  with  2  g  of  the  catalyst  of  Example  4-A,  and  the  continuous  reaction  was 
25  carried  out  under  conditions  of  a  temperature  of  400  °C  and  LHSV  of  0.1  hr_1.  The  results  obtained  when 

the  reaction  was  conducted  for  30  minutes  are  shown  in  Table  2. 

Example  4-G 

30  A  catalyst  was  prepared  in  the  same  manner  as  described  in  Example  4-A  except  that  a  sodium  ion 
type  mordenite  (620NAA  supplied  by  Toso)  was  used  instead  of  the  hydrogen  ion  type  mordenite  and  the 
ion  exchange  operation  was  repeated  four  times.  Lanthanum  was  contained  in  an  amount  of  7.8%  by  weight 
in  the  catalyst.  Cracking  reaction  of  light  naphtha  having  a  boiling  point  of  30  to  110°C  was  carried  out  at 
400  °  C  by  using  a  pulse  reactor.  The  obtained  results  are  shown  in  Table  2. 

35 
Example  4-H 

The  reactor  product  gas  obtained  in  Example  4-F  was  introduced  in  a  fixed  bed  reactor  packed  with  10 
g  of  an  aluminum  oxide/chromium  oxide  catalyst  and  heated  at  550  °C  to  effect  dehydrogenation  reaction. 

40  The  obtained  results  are  shown  in  Table  2. 

45 

50 

55 
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55  Example  5-A  (outside  the  invention) 

A  Pyrex  reaction  tube  provided  with  a  partition  plate  were  charged  with  5  g  of  a  hydrogen  ion- 
exchanged  mordenite  (TSZ-620HOA  supplied  by  Toso;  particle  size  =  60  urn),  and  the  mordenite  was 
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heated  at  400  °  C  while  feeding  nitrogen  gas  from  below  the  partition  plate.  After  the  temperature  arrived  at 
the  predetermined  level,  light  naphtha  (liquid  fraction  having  a  boiling  point  of  30  to  110°c  under 
atmospheric  pressure)  was  fed  at  a  rate  of  10  ml/hr  from  the  lower  portion  of  the  reation  tube.  The  naphtha 
was  gasified  in  a  preheating  layer  and  the  starting  fluid  to  be  cracked  was  fed  into  the  catalyst  layer  from 

5  below  the  partition  plate  to  fluidize  the  catalyst  and  effect  cracking  reaction.  This  cracking  reaction  was 
continuously  carried  out  while  feeding  the  regenerated  catalyst  to  the  reaction  in  an  amount  corresponding 
to  the  amount  of  the  catalyst  withdrawn  together  with  the  product  gas  fluid. 

The  burning  regeneration  of  the  catalyst  was  carried  out  at  550  °C.  The  cracking  reaction  results  are 
shown  in  Table  4. 

10 
Examples  5-B  and  5-C 

The  cracking  reaction  was  carried  out  in  the  same  manner  as  described  in  Example  5-A  except  that  the 
catalyst  was  changed  to  a  hydrogen  ion-exchanged  mordenite  containing  1.0%  by  weight  of  a  lanthanum 

is  ion  (Example  5-B)  or  a  hydrogen  ion-exchanged  mordenite  containing  2.5%  by  weight  of  a  cerium  ion 
(Example  5-C).  The  cracking  reaction  results  are  shown  in  Table  3. 
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Example  6 

A  starting  material  to  be  dehydrogenated,  which  was  composed  of  the  reaction  product  gas  obtained  in 
Example  5-B  when  the  starting  material  was  supplied  for  3  hours  and  which  had  a  composition  shown  in 

5  Table  4  was  introduced  into  a  fixed  bed  reactor  packed  with  10  g  of  an  aluminum  oxide/chromium  oxide 
catalyst  and  heated  at  550  °C  to  effect  dehydrogenation  reaction.  A  dehydrogenation  product  having  a 
composition  shown  in  Table  5  was  obtained. 

Table  4 
10 

methane,  ethane,  propane,  butanes  propylene,  butenes 
ethylene 

starting  material  to  be  dehydrogenated  1  62  0 
dehydrogenation  product  5  15  41 

Claims 

1.  A  process  for  the  preparation  of  a  lower  aliphatic  hydrocarbon  comprising  an  olefin  having  3  or  4 
carbon  atoms  as  the  main  component  from  a  paraffin  having  5  to  10  carbon  atoms  or  a  hydrocarbon 
comprising  this  paraffin  as  the  main  component,  which  comprises  catalytically  cracking  a  paraffin 
having  5  to  10  carbon  atoms  or  a  hydrocarbon  comprising  this  paraffin  as  the  main  component  in  the 
presence  of  a  catalytic  cracking  catalyst  having  a  strong  acidity  which  is  composed  of  a  mordenite 
containing  a  rare  earth  metal  component  introduced  by  ion  exchange  or  a  solid  super-strong  acid 
formed  by  supporting  a  sulfuric  acid  ion  on  a  carrier  composed  of  Zn(ON)+,  Zr02,  hUTiCU,  TiCfe  or 
Fe2  03,  and  dehydrogenating  the  hydrocarbon  comprising  a  paraffin  having  3  or  4  carbon  atoms  as  the 
main  component,  obtained  at  the  catalytically  cracking  with  a  dehydrogenation  catalyst  to  an  olefin 
having  3  or  4  carbon  atoms  as  the  main  component. 

2.  A  process  according  to  claim  1  ,  wherein  the  rare  earth  metal  component  is  contained  in  an  amount  of 
0.1  to  10%  by  weight  as  the  oxide. 

3.  A  process  according  to  claim  1,  wherein  the  rare  earth  metal  component  is  lanthanum  or  cerium. 

4.  A  process  according  to  claim  1  ,  wherein  the  dehydrogenation  catalyst  is  an  aluminum  oxide/chromium 
oxide  catalyst,  an  iron  oxide/chromium  oxide  catalyst  or  a  noble  metal-containing  catalyst. 

5.  A  process  according  to  claim  1  ,  wherein  the  catalytic  cracking  reaction  is  carried  out  at  a  temperature 
of  250  to  580  °  C  and  the  dehydrogenation  reaction  is  carried  out  at  a  temperature  of  450  to  600  °  C. 

6.  A  process  according  to  claim  1,  wherein  the  catalytic  cracking  reaction  is  effected  by  contacting  the 
starting  hydrocarbon  with  the  catalytic  cracking  catalyst  in  a  fluidized  bed. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  niedrigen  aliphatischen  Kohlenwasserstoffes,  umfassend  ein  Olefin  mit 
3  oder  4  Kohlenstoffatomen  als  die  Hauptkomponente,  von  einem  Paraffin  mit  5  bis  10  Kohlenstoffato- 
men  oder  einem  Kohlenwasserstoff,  umfassend  dieses  Paraffin  als  die  Hauptkomponente,  umfassend 
das  katalytische  Cracken  eines  Paraffins  mit  5  bis  10  Kohlenstoffatomen  oder  eines  Kohlenwasserstof- 
fes,  umfassend  dieses  Paraffin  als  die  Hauptkomponente,  in  der  Gegenwart  eines  katalytischen 
Crackkatalysators  mit  einer  starken  Aziditat,  der  sich  aus  einem  Mordenit  zusammensetzt,  umfassend 
eine  Seltenerdmetallkomponente,  eingefuhrt  durch  lonenaustausch,  oder  eine  feste  superstakre  Saure, 
gebildet  durch  Tragen  eines  Schwefelsaureions  auf  einem  Trager,  der  sich  aus  Zr(OH)+,  Zr02,  H+TiO ,̂ 
Ti02  oder  Fe2  03  zusammensetzt,  und  das  Dehydrieren  des  Kohlenwasserstoffes,  umfassend  ein 
Paraffin  mit  3  oder  4  Kohlenstoffatomen,  als  die  Hauptkomponente,  erhalten  bei  dem  katalytischen 
Cracken,  mit  einem  Dehydrierungskatalysator  in  ein  Olefin  mit  3  oder  4  Kohlenstoffatomen  als  die 
Hauptkomponente. 

11 
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2.  Verfahren  nach  Anspruch  1,  worin  die  Seltenerdmetallkomponente  in  einer  Menge  von  0,1  bis  10 
Gew.%  als  das  Oxid  enthalten  ist. 

3.  Verfahren  nach  Anspruch  1  ,  worin  die  Seltenerdmetallkomponente  Lanthan  oder  Cer  ist. 
5 

4.  Verfahren  nach  Anspruch  1,  worin  der  Dehydrierungskatalysator  ein  Aluminiumoxid/Chromoxid-Kataly- 
sator,  ein  Eisenoxid/Chromoxid-Katalysator  oder  ein  edelmetallhaltiger  Katalysator  ist. 

5.  Verfahren  nach  Anspruch  1,  worin  die  katalytische  Crack-Reaktion  bei  einer  Temperatur  von  250  bis 
io  580  °C  durchgefuhrt  wird,  und  die  Dehydrierungsreaktion  bei  einer  Temperatur  von  450  bis  600  °C 

durchgefuhrt  wird. 

6.  Verfahren  nach  Anspruch  1,  worin  die  katalytische  Crack-Reaktion  durch  Kontaktieren  des  Ausgangs- 
kohlenwasserstoffes  mit  dem  katalytischen  Crackkatalysator  in  einem  FlieBbett  bewirkt  wird. 

15 
Revendicatlons 

1.  Un  procede  de  preparation  d'un  hydrocarbure  aliphatique  inferieur,  comprenant  une  define  ayant  3  ou 
4  atomes  de  carbone  comme  composant  principal,  a  partir  d'une  paraffine  ayant  de  5  a  10  atomes  de 

20  carbone  ou  d'un  hydrocarbure  comprenant  cette  paraffine  comme  composant  principal,  consistant  dans 
le  craquage  catalytique  d'une  paraffine  ayant  de  5  a  10  atomes  de  carbone  ou  d'un  hydrocarbure 
comprenant  cette  paraffine  comme  composant  principal  en  presence  d'un  catalyseur  de  craquage 
catalytique  ayant  une  forte  acidite,  compose  d'une  mordenite  contenant  un  metal  des  terres  rares, 
introduit  par  echange  d'ion  ou  d'un  acide  ultrafort  solide  forme  en  supportant  un  ion  acide  sulfurique 

25  sur  un  support  compose  de  Zn(ON)+,  Zr02,  hUTiCU,  TiCfe  ou  Fe2  03,  et  dans  la  deshydrogenation  de 
I'hydrocarbure  comprenant  une  paraffine  ayant  3  ou  4  atomes  de  carbone  comme  composant  principal, 
obtenu  par  craquage  catalytique  avec  un  catalyseur  de  deshydrogenation,  pour  obtenir  une  define 
ayant  3  ou  4  atomes  de  carbone  comme  composant  principal. 

30  2.  Un  procede  selon  la  revendication  1  ,  dans  lequel  le  composant  de  metal  des  terres  rares  est  contenu 
dans  une  quantite  de  0,1  a  10  %  en  poids  d'oxyde. 

3.  Un  procede  selon  la  revendication  1,  dans  lequel  le  composant  de  metal  des  terres  rares  est  le 
lanthane  ou  le  cerium. 

35 
4.  Un  procede  selon  la  revendication  1  ,  dans  lequel  le  catalyseur  de  deshydrogenation  est  un  catalyseur  a 

I'oxyde  d'aluminium/oxyde  de  chrome,  un  catalyseur  a  I'oxyde  de  fer/oxyde  de  chrome  ou  un 
catalyseur  aux  metaux  precieux. 

40  5.  Un  procede  selon  la  revendication  1,  dans  lequel  la  reaction  de  craquage  catalytique  est  effectuee  a 
une  temperature  de  250  a  580  °  C,  la  reaction  de  deshydrogenation  etant  effectuee  a  une  temperature 
de  450  a  600  •  C. 

6.  Un  procede  selon  la  revendication  1  ,  dans  lequel  la  reaction  de  craquage  catalytique  est  effectuee  par 
45  mise  en  contact  de  I'hydrocarbure  de  depart  avec  le  catalyseur  de  craquage  catalytique  dans  un  lit 

fluidise. 

50 
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