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Description 

This  invention  relates  to  a  method  for  producing  hydrocarbons  by  reacting  hydrogen  gas  with  carbon 
monoxide  and/or  gaseous  carbon  dioxide  catalytically. 

5  It  is  well  known  as  the  Fischer-Tropsch  synthesis  from  many  literatures  to  produce  hydrocarbons  by 
reacting  hydrogen  with  carbon  monoxide  in  the  presence  of  a  heterogeneous  catalyst.  The  types  of 
catalysts  that  have  been  studied  for  this  and  related  processes  include  those  based  on  metals  or  oxides  of 
iron,  cobalt,  nickel,  ruthenium,  rhenium,  thorium,  rhodium,  platinum  and  osmium.  On  the  other  hand, 
depending  upon  a  catalyst  and  a  reaction  condition,  the  Fischer-Tropsch  synthesis  can  be  oriented 

10  predominantly  to  fuel  oil,  fuel  gas  such  as  methane,  olefin  such  as  ethylene,  waxes  or  oxygen  containing 
compounds  such  as  alcohols. 

Consequently,  the  higher  selectivity  of  desired  products  is  advisable  as  well  as  a  catalyst  have  high 
activity.  The  distribution  of  hydrocarbons  obtained  with  a  standard  catalysts  in  the  Fischer-Tropsch 
synthesis  are  fulfilled  the  Schulz-Flory  distribution  of  molecular  weights;  the  Fischer-Tropsch  synthesis  is 

is  regarded  as  a  kind  of  polymerization  wherein  a  chain  growth  occurs  by  a  stepwise  addition  of  active 
species  containing  one  carbon  atom  adsorbed  on  a  catalyst  surface.  Standard  Fischer-Tropsch  catalysts 
exhibit  a  nearly  constant  chain  growth  probability,  which  can  be  derived  from  Schulz-Flory  plots  and  is 
obtained  from  the  relationship  between  carbon  number  and  the  weight  fraction  of  hydrocarbons  per  the 
carbon  number,  that  is,  these  catalysts  have  low  selectivity  for  the  Fischer-Tropsch  products.  Therefore,  it  is 

20  necessary  for  us  to  develop  the  peculiar  Fischer-Tropsch  catalysts  having  non-Schulz-Flory  distribution. 
It  is  well  known  from  the  recent  literature  (J.  C.  S.  Chem.  Comm.,  1095  (1979))  that  Fischer-Tropsch 

synthesis  of  hydrocarbons  over  RuNaY-zeolite  which  can  be  prepared  by  an  ion-exchange  method  shows  a 
drastic  change  in  chain  growth  probability  in  comparison  with  that  over  the  standard  Fischer-Tropsch 
catalysts.  Herein,  the  role  of  the  zeolite  is  to  control  ruthenium  metal  particle  size  by  cage  dimensions  in  the 

25  zeolite.  This  means  that  the  cage  dimensions  in  the  zeolite  is  used  for  controlling  of  the  selectivity  of 
Fischer-Tropsch  products. 

FR  —  A  —  23  70  712  discloses  a  process  for  the  Fischer-Tropsch  synthesis  of  hydrocarbons  wherein  a 
heterogeneous  catalyst  is  used  comprising  a  porous  carrier  and  metals  of  the  iron  group.  The  catalyst  has  a 
specific  average  pore  diameter  (p)  of  at  most  10000  nm  and  a  specific  average  particle  diameter  (d)  of  at 

30  most  5  mm,  so  that  the  quotient  p/d  is  larger  than  2  (p  in  nm  and  d  in  mm).  The  specific  average  pore 
diameter  is  preferably  below  1000  nm  and  especially  below  500  nm.  Catalysts  having  an  average  pore  size 
of  2,4  nm  are  disclosed  leading  to  high  yields  of  C3+-hydrocarbons. 

FR—  A  —  24  34  793  discloses  a  process  for  the  synthesis  of  hydrocarbons,  by  using  a  catalyst  consisting 
of  ruthenium  supported  on  a  granular  carrier  like  y-alumina.  In  this  prior  art  the  pore  size  is  not  critical.  As 

35  shown  in  Table  1  of  FR  —  A  —  24  34  793  the  known  process  produces  hydrocarbons  with  a  higher  selectivity 
for  C5  —  Ci2-hydrocarbons,  the  yield  of  which  is  56,8%  at  the  most.  However  the  yield  of  C-phydrocarbon  is 
still  very  high  and  amounts  at  least  to  24,2%. 

According  to  the  literature  "Ullmanns  Encyklopadie  der  technischen  Chemie,  4th  edition,  vol.  7,  page 
299,  it  is  known,  that  y-alumina  has  pores  with  r=2  —  4  nm.  Further  it  is  said,  that  these  Y-alumina  can  be 

40  used  for  dehydration  of  alkohols,  as  carrier  for  catalysts,  as  trying  agent  and  in  the  chromatography. 
Object  of  the  present  invention  is  the  selective  formation  of  the  gasoline  fraction  or  the  kerosene  and 

light  oil  fraction  from  synthesis  gas. 
The  method  of  the  invention  for  producing  hydrocarbons  comprises  contacting  synthesis  gas  having  a 

molar  ratio  of  hydrogen  to  carbon  monoxide  and/or  carbon  dioxide  of  from  0,5  to  3,0  with  a  heterogeneous 
45  catalyst  at  a  temperature  of  200  to  350°C  and  at  the  pressure  of  from  1,01  to  98,1  bar  and  at  a  gas  space 

velocity  of  from  500  to  5000  1/hour,  said  heterogeneous  catalyst  comprising  0,1  to  50  parts  by  weight  of  at 
least  one  VIII  group  metal  capable  of  reducing  carbon  monoxide  and/or  carbon  dioxide  supported  on  100 
parts  by  weight  of  a  metal  oxide  carrier  and  at  least  one  promotor  (with  the  exception  that  when  using 
ruthenium  as  catalyst  metal  a  promoter  is  not  necessary),  wherein  said  carrier  has  a  very  narrow  pore  size 

so  distribution  in  the  micropores  region  within  the  range  of  0,1  to  3  nm. 
The  heterogeneous  catalyst  comprises  a  metal  or  a  mixture  of  metals  such  as  ruthenium  and 

iron-potassium  oxide  supported  on  a  metal  oxide  such  as  y-alumina  and  silica  gel  or  mixed  metal  oxides 
having  an  acidic  properties  such  as  silica  •  alumina  and  silica  •  magnesia,  these  carriers  having  a  very 
narrow  pore  size  distribution  in  the  micropores  region  within  the  range  of  between  0.1  and  3.0  nm,  in  which 

55  the  pore  size  of  these  carriers  is  slightly  larger  than  that  of  Y-Zeolite  which  is  the  largest  in  the  crystalline 
aluminosilicates.  In  other  words,  it  has  been  found  that  the  chain  growth  probability  suddenly  changes  to 
low  values  overthe  catalyst  supported  on  an  amorphous  inorganic  metal  oxide  having  a  specific  pore  sizes, 
the  above  catalyst  showing  non-Schulz-Flory  product  distribution.  Thus  it  is  notable  that  the  selectivity  of 
Fischer-Tropsch  products  is  controlled  by  the  specific  pore  sizes  of  the  amorphous  inorganic  metal  oxide  or 

60  mixed  metal  oxides  as  a  carrier.  To  be  more  interesting,  a  drastic  decline  in  chain  growth  probability  at 
arbitrary  carbon  number  can  be  brought  depending  upon  the  pore  sizes  of  the  above  carrier.  This  means 
that  the  gasoline  fraction  in  the  vicinity  of  C5  to  C10  or  the  kerosene  and  light  oil  fraction  in  the  vicinity  of  Cu 
to  C20  can  be  selectively  obtained  by  using  the  catalyst  carrier  described  above. 

It  may  be  difficult  to  obtain  selectively  the  Kerosene  and  light  oil  fraction  by  using  even  Y-zeolite  having 
65  the  largest  pore  size  in  conventional  aluminosilicates,  that  is,  the  pore  size  of  1  1  Angstroms.  It  is  considered 
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that  the  selective  formation  of  the  kerosene  and  light  oil  fraction  in  the  present  invention  results  from  the 
specific  pore  sizes  of  a  catalyst  carrier  which  has  a  larger  pore  size  than  that  of  Y-zeolite,  and  in  addition, 
has  a  very  narrow  pore  size  distribution  in  the  micropores  region  within  the  range  of  0,1  to  3  nm. 

The  heterogeneous  catalyst  comprises  two  components  in  which  the  first  component  is  selected  from 
5  the  class  of  carbon  oxides  reducing  metals  in  the  presence  of  hydrogen,  and  the  second  component  is 

inorganic  oxide  carriers  such  as  amorphous  y-alumina  and  silica  gel  having  a  very  narrow  pore  size 
distribution  in  the  micropores  region  within  the  range  of  between  0,1  and  3,0  nm.  v-Alumina  and  silica  gel 
used  as  a  catalyst  carrier  in  this  invention  have  such  a  physical  property  as  shown  in  Table  1  .  For  reference, 
the  pore  size  distribution  of  a  typical  silica  gel  is  shown  in  Figure  1  which  is  the  graph  with  differential  pore 

10  volume  on  the  vertical  axis  and  average  pore  diameter  horizontally.  The  surface  area  of  the  above  samples 
was  measured  by  means  of  BET  method  based  on  nitrogen  adsorption,  and  the  pore  volume  and  the  pore 
size  distribution  was  computed  by  the  nitrogen-desorption  method.  Figure  1  shows  clearly  that  the  catalyst 
carriers  provided  in  the  present  invention  have  said  very  narrow  pore  size  distribution. 
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Figure  1  is  a  graph  of  a  pore  size  distribution  of  a  carrier  consisting  of  a  metal  oxide  which  was  used  in 
this  invention. 

Figure  2  is  a  graph  of  the  product  distribution  of  formed  hydrocarbons  which  was  obtained  in  the 
invention. 

5  Figure  3  is  a  graph  of  a  pore  size  distribution  of  a  carrier  consisting  of  a  metal  oxide  mixture  which  was 
used  in  this  invention. 

Figure  4  is  a  graph  of  a  product  distribution  of  formed  hydrocarbons  which  was  obtained  in  the 
invention. 

In  this  invention,  a  mixture  of  hydrogen  with  carbon  monoxide  and/or  gaseous  carbon  dioxide  should 
to  be  used  as  a  starting  material.  Such  a  mixture  may  be  effectively  prepared  by  the  partial  combustion  of  the 

materials  including  carbon  and  hydrogen.  The  materials,  as  used  herein  include  brown  coal,  anthracite 
cokes,  crude  oil  and  its  distillate,  tar  sands,  bituminous  coal  and  lignite.  A  mixture  of  hydrogen  with  carbon 
monoxide  and/or  carbon  dioxide  having  the  molar  ratio  (H2/C0+C02)  of  0.5  to  3  may  be  used  as  a  starting 
material. 

15  In  accordance  with  the  present  invention,  the  process  is  carried  out  at  a  temperature  of  from  200  to 
350°C,  preferably  from  200  to  300°C,  and  at  a  pressure  of  from  1.01  to  98.1  bar,  preferably  from  4.9  to  24.4 
bar,  and  at  a  gas  space  velocity  of  from  500  to  5000  I/hour.  The  heterogeneous  catalysts  of  this  invention 
comprise  100  parts  by  weight  of  a  carrier,  0.1  to  50  parts,  preferably  0.1  to  10  parts  by  weight  of  a  VIII  group 
metal  or  metals,  and  at  least  one  promoter.  The  amount  of  a  promoter  incorporated  with  the  above  metal 

20  may  be  1  to  50  percent  by  weight  of  the  above  metal.  A  promoter  is  necessary  for  the  use  of  such  a  catalyst 
as  iron,  cobalt  and  nickel  with  the  exception  of  ruthenium.  It  is  not  or  little  effective  when  ruthenium  is  used 
in  this  invention.  These  promoters  used  for  the  catalyst  of  this  invention  include  various  elements  such  as 
alkali  metals,  alkaline  earth  metals,  VIII  group  metals,  Ti,  Zr,  Al,  Si,  As,  V,  Mn,  Mo,  W,  Cu,  Ag,  Zn,  Cd,  Bi,  Pb, 
Sn,  Ce,  Th  and  U.  The  most  preferable  catalyst  in  this  invention  is  ruthenium  supported  on  Y-alumina  or 

25  silica  gel  having  the  specific  pore  sizes.  The  iron  catalysts  used  in  this  invention  consist  of  iron,  potassium 
and  copper  supported  on  y-alumina  or  silica  gel  having  the  specific  pore  sizes. 

The  heterogeneous  catalysts  may  be  prepared  in  various  methods.  For  example,  the  metal  that  has 
catalytic  activity  for  the  reduction  of  carbon  monoxide  and/or  carbon  dioxide  may  be  formed  on  a 
Y-alumina  carrier  or  a  silica  gel  one  having  the  specific  pore  sizes  by  a  conventional  method  such  as 

30  impregnation  of  the  oxide  with  salt  solutions  of  the  above  metal,  followed  by  drying  and  calcination.  Ion 
exchange  of  silica  gel  carrier  also  may  be  used  in  some  selected  cases  to  effect  the  introduction  of  the 
carbon  monoxide  and/or  carbon  dioxide  reducing  metal.  Other  methods  for  forming  the  heterogeneous 
catalysts  may  be  used,  such  as:  precipitation  of  the  carbon  monoxide  and/or  carbon  dioxide  reducing  metal 
in  the  presence  of  a  Y-alumina  carrier  or  a  silica  one;  or  electrolysis  deposition  of  a  metal  on  a  carrier;  or 

35  deposition  of  a  metal  from  the  vapor  phase;  or  adsorption  of  the  metal  compound  or  metal  compounds 
such  as  metal  carbonyls  on  a  carrier  by  dissolving  the  metal  compounds  in  n-hexane  or  tetrahydrofuran 
and  adding  the  carrier  to  the  above  solution. 

A  metal  oxide  such  as  Y-alumina  and  silica  gel  used  as  a  catalyst  carrier  in  the  invention  can  be 
prepared  from  the  following  starting  materials  in  a  water  solution.  For  example,  Y-alumina  can  be  produced 

40  by  reacting  an  aluminate  with  an  organic  compound.  Herein,  an  aluminate  which  may  be  used  in  the 
invention  includes  alkali  metal  salts  such  as  Na,  K  and  Li  and  ammonium  salts.  Even  the  other  aluminates 
can  be  used,  if  they  are  water-soluble.  The  preferred  aluminate  is  sodium  aluminate.  Silica  gel  also  can  be 
prepared  from  a  silicate  or  a  mixture  of  silicic  acid  and  a  silicate  wherein  the  silicate  includes  alkali  metal 
salts  such  as  Na,  K  and  Li  and  ammonium  salts.  The  preferred  starting  material  for  silica  gel  is  a  water  glass 

45  which  is  a  mixture  of  silicic  acid  and  sodium  silicate,  with  water  glass  No.  3  particularly  preferred.  Organic 
compounds  as  a  starting  material  include  monocarboxylic  acid  halide,  dicarboxylic  acid  halide  and  sulfuric 
acid  halide.  The  preferred  organic  compounds  are  mono  and  di-carboxylic  acid  halide.  The  amount  of  alkali 
metal  as  the  impurity  of  the  inorganic  carriers  such  as  Y-alumina  and  silica  gel  which  may  be  used  in  the 
invention  is  preferable  not  to  exceed  0.1  percent  by  weight. 

so  The  inorganic  carriers  such  as  Y-alumina  and  silica  gel  which  are  prepared  by  the  method  different 
from  the  above  described  particular  one  can  be  also  used  in  the  invention,  if  these  carriers  have  a  very 
narrow  pore  size  distribution  in  the  micropores  region  within  the  range  of  between  0.1  and  3.0  nm.  Thus, 
the  purpose  of  the  invention  can  be  achieved  by  using  both  carriers  which  are  prepared  by  the  method 
described  in  the  invention,  and  the  carriers  prepared  by  other  methods  if  both  of  the  carriers  have  a  very 

55  narrow  pore  size  distribution  of  the  micropores  within  the  range  of  between  0.1  and  3.0  nm.  The  very 
narrow  pore  size  distribution  of  the  metal  oxides  used  in  this  invention  is  distributed  preferably  0.1  to  1.5 

The  heterogeneous  catalyst  can  be  used  in  a  reactor  as  a  fixed  or  fluidized  bed.  Besides,  if  desired,  the 
above  catalyst  may  be  used  in  liquid  phase  in  which  hydrocarbon  oil  is  utilized  as  a  solvent. 

60  According  to  the  invention,  the  formation  of  hydrocarbons  having  more  than  10  of  carbon  number  may 
be  suppressed;  hydrocarbons  rich  in  gasoline  boiling  range  can  be  obtained,  while  hydrocarbons  having 
more  than  10  of  carbon  number  may  be  considerably  formed  by  using  mixed  metal  oxides  such  as  usual  or 
conventional  silica  alumina  having  wide  pore  size  distribution  as  a  catalyst  carrier.  To  be  more  interested,  it 
has  been  found  that  a  drastic  decline  in  chain  growth  probability  of  the  formed  hydrocarbons  may  be 

65  brought  by  using  the  heterogenous  catalyst  which  comprises  a  metal  or  a  metal  oxide  having  catalytic 
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activity  for  the  Fischer-Tropsch  synthesis  and  a  proper  amount  of  an  alkali  metal  supported  on  an  acidic 
metal  oxide  mixture  described  in  the  invention  having  a  very  narrow  pore  size  distribution  of  the 
micropores  within  the  range  of  between  0.1  and  3.0  nm  in  which  the  pore  size  of  such  a  carrier  is  slightly 
larger  than  that  of  conventional  crystalline  alumino-silicates:  the  above  heterogeneous  catalyst  shows 

5  non-Schulz-Flory  product  distribution.  It  is  considered  that  a  peculiar  product  distribution  of  formed 
hydrocarbons  according  to  the  invention,  which  can  be  resulted  from  the  use  of  the  catalyst  carriers  which 
have  a  very  narrow  pore  size  distribution  within  the  range  of  between  0.1  and  3.0  nm.  Thus  this  invention 
relates  to  a  method  for  producing  the  desirable  hydrocarbons  efficiently  by  using  mixed  metal  oxides  as  a 
carrier  such  as  amorphous  silica  •  alumian  or  silica  •  magnesia.  A  silica  •  alumina  as  a  catalyst  carrier  has 

10  such  a  pore  size  distribution  representatively  shown  in  Figure  3,  which  is  the  graph  with  differential  pore 
volume  on  the  vertical  axis  and  average  pore  diameter  horizontally.  Figure  3  shows  clearly  that  the  catalyst 
carriers  which  may  be  used  in  the  invention  have  a  very  narrow  pore  size  distribution. 

In  this  case,  it  is  desirable  to  add  0.1  to  17  parts,  preferably  2  to  8.5  parts  by  weight  of  alkali  metal  to  100 
parts  by  weight  of  the  mixed  metal  oxides  as  a  catalyst  carrier  in  order  to  neutralize  the  acidity  of  the  above 

15  mixed  metal  oxides.  Herein,  alkali  metal  described  above  is  different  from  the  promoter  mentioned 
previously  which  is  not  necessary  for  a  ruthenium  catalyst. 

The  mixed  metal  oxides  such  as  silica  •  alumina  or  silica  •  magnesia  which  may  be  used  as  a  catalyst 
carrier  in  the  invention  can  be  prepared  by  various  methods,  such  as:  addition  of  three  components  at  the 
same  time  in  the  form  of  solution  wherein  three  components  are  (1)  water-soluble  alkali  (Na,  K  and  Li)  or 

20  ammonium  salts  such  as  sodium  aluminate  or  water  glass  consisting  of  a  mixture  of  silicic  acid  and  silicate, 
(2)  organic  compounds  such  as  organic  halides  and  (3)  metal  salts  such  as  metal  nitrates  (aluminium  nitrate 
etc.)  and  metal  halides  (aluminium  chloride  etc.);  or  coprecipitation  by  adding  an  organic  compound  to  a 
water  solution  of  alkali  such  as  sodium  aluminate  or  water  glass  or  ammonium  salts,  followed  by  adding  a 
metal  salt  such  as  metal  nitrates  to  the  former  solution  before  deposition  of  a  solid;  or  adsorption  of 

25  hydrogel  obtained  by  adding  ammonium  solution  as  a  precipitant  to  a  solution  of  a  metal  salt,  or  another 
hydrogel  previously  precipitated  by  reacting  a  metal  acid  salt  such  as  alkali  or  ammonium  salts  with  an 
organic  compound.  The  organic  compounds  include  monocarboxylic  acid  halide,  dicarboxylic  acid  halide 
and  sulfuric  acid  halide,  preferably,  mono  and  di-carboxylic  acid  halide.  The  amount  of  alkali  metals  as  the 
impurity  of  the  metal  oxide  mixture  is  preferably  not  to  exceed  0.1  percent  by  weight  especially  when  the 

30  acidity  of  such  carriers  is  utilized. 
The  mixed.  metal  oxides  which  are  prepared  by  the  method  different  from  the  above-described 

particular  one  may  be  also  used  as  the  catalyst  carrier  in  the  invention  if  these  carriers  have  a  very  narrow 
pore  size  distribution  in  the  micropores  region  within  the  range  of  between  0.1  and  3.0  nm. 

The  heterogeneous  catalyst  may  be  contained  as  a  fixed  bed,  or  a  fluidized  bed  may  be  used.  Besides, 
35  if  desired,  the  above  catalyst  may  be  used  in  liquid  phase  in  which  hydrocarbon  oil  is  utilized  as  solvent. 

The  following  examples  are  given  to  illustrate  the  present  invention. 

Example  1 
Some  kinds  of  heterogeneous  catalysts  which  were  supported  on  y-aluminas  or  silica  gels  were  tested 

40  for  the  production  of  hydrocarbons  by  the  Fischer-Tropsch-synthesis. 
Those  catalysts  carrier  or  support  were  prepared  by  the  following  method:  a  y-alumina  was  produced 

as  follows;  a  solution  of  adipoyl  dichloride  which  was  previously  dissolved  in  tetrahydrofuran  was  added 
dropwise  to  an  aqueous  solution  of  sodium  aluminate  with  vigorous  stirring  at  40°C.  After  the  addition  was 
completed,  pH  was  adjusted  to  6  to  9  with  5%  hydrochloric  acid  and  stirring  was  continued  for  additional  5 

45  hrs.  Then  the  reaction  mixture  was  cooled,  filtered  after  standing  and  washed  successively  an  ammonium 
solution,  10%  ammonium  chloride  solution  and  distilled  water  until  free  of  chloride  ion.  That  solid  was 
extracted  with  acetone  to  remove  entrained  organic  compound,  followed  by  drying  at  1  1  0°C  for  3  hours  and 
then  by  calcinating  at  450°C  to  550°C  for  5  hours  in  air.  The  surface  area,  the  pore  volume  and  the  pore  size 
distribution  of  a  Y-alumina  which  was  prepared  by  the  above  described  method  are  shown  in  Table  1 

50  (Classification  of  Carrier  A).  The  pore  diameter  having  the  largest  differential  pore  volume  is  also  shown  in 
Table  1  because  the  carriers  such  as  the  above-described  y-alumina  which  is  used  in  the  invention  have  a 
very  narrow  pore  size  distribution  in  the  micropore  sizes  region.  Moreover,  Y-aluminas  and  silica  gels,  each 
having  various  pore  sizes,  were  also  prepared  by  the  similar  above-noted  method  except  the  use  of 
succinoyl  dichloride,  adipoyl  dichloride,  sebacoyl  dichloride  (Classification  of  Carrier,  A  and  D),  sebacyl 

55  dichloride,  1,12-dodecanadioyl  dichloride  (Classification  of  Carrier  B  and  F),  1,14-dodecanoyl  dechloride 
(Classification  of  Carrier  C  and  F),  phthaloyl,  and  isophthaloyl,  and  terephthaloyl  dichloride  (Classification 
of  Carrier  A  and  B),  and  dichloride  of  hydrocarbon  oligomer  having  two  terminal  carboxylic  acid  group  (the 
molecular  weight  is  500  to  1000)  (Classification  of  Carrier  C  to  F).  Representative  physical  properties  of 
Y-aluminas  and  silica  gels  mentioned  above  are  also  shown  in  Table  1. 

60 
Catalyst  1  (Ruthenium/Y-alumina) 

The  catalyst  was  prepared  by  the  following  impregnation  method.  0.5  gram  of  ruthenium  chloride 
(RuCI3  •  H2O)  was  dissolved  in  5  ml  of  water.  The  resulting  solution  was  added  to  10  ml  of  a  Y-alumina 
(Classification  of  Carrier  A).  After  the  mixture  was  allowed  to  stand  overnight  at  room  temperature,  it  was 

65  dried  at  110°Cfor  3  hours  and  was  calcined  at  450°C  in  air  for  4  hours.  The  resultant  catalyst  contained  1.9 
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parts  by  weight  of  ruthenium  metal  per  100  parts  by  weight  of  a  Y-alumina.  The  catalyst  belonging  to 
classification  of  Carriers  B,  C  and  so  on  (Table  1)  were  also  prepared  by  the  method  similar  to  that 
described  above.  Each  catalyst  contained  1.5  to  2.2  parts  by  weight  of  ruthenium  per  100  parts  by  weight  of 
y-alumina. 

5 
Comparative  Catalyst  1  (Ruthenium/alumina) 

A  comparative  catalyst  1  was  prepared  by  the  same  method  as  mentioned  above,  by  using  Y-alumina 
"Neobead®C"as  a  catalyst  carrier.  The  resultant  catalyst  contained  2.1  parts  by  weight  of  ruthenium  per  100 
parts  by  weight  of  said  alumina. 

Catalyst  2  (Iron-potassium-copper/alumina) 
3.6  g  of  iron  nitrate  (Fe(NO3)2  •  9H2O),  0.1  g  of  Copper  nitrate  (Cu(NO3)2  •  3H2O)  and  0.05  g  of  potassium 

nitrate  (KNO3)  were  dissolved  in  5.0  ml  of  water.  The  resulting  solution  was  added  to  10  ml  of  a  y-alumina 
(Classification  of  Carrier  A).  After  the  mixture  was  allowed  to  stand  overnight  at  room  temperature,  it  was 

is  dried  at  110°Cfor2  hours  and  was  calcined  at  450°C  in  air  for  4  hours.  The  resultant  catalyst  2  contained  4.8 
parts  by  weight  of  iron,  0.2  part  by  weight  of  copper  and  0.2  part  by  weight  of  potassium. 

Catalyst  3  (Ruthenium/silica  gel) 
0.5  g  of  ruthenium  chloride  (RuCI3  •  H2O)  was  dissolved  in  5.5  ml  of  water.  The  resulting  solution  was 

20  added  to  10  ml  of  a  silica  gel  (Classification  D).  After  the  mixture  was  allowed  to  stand  overnight  at  room 
temperature,  it  was  dried  at  110°C  for  2  hours  and  was  calcined  at  450°C  in  air  for  4  hours.  The  resultant 
catalyst  contained  2.1  parts  by  weight  of  ruthenium  per  100  parts  by  weight  of  the  above  described  silica 
gel.  The  catalysts  belonging  to  Classification  of  Carriers  E,  F  and  so  on  (Table  1  )  were  also  prepared  by  the 
method  similar  to  that  described  above.  Each  catalyst  contained  1.6  to  2.2  parts  by  weight  of  ruthenium  per 

25  100  parts  by  eight  of  a  Y-alumina. 

Comparative  Catalyst  3  (Ruthenium/silica  gel) 
A  comparative  catalyst  3  was  prepared  by  the  same  method  as  that  described  in  Example  3,  by  using 

silica  gel  "Davison  RD  type"  as  a  catalyst  carrier.  The  resultant  catalyst  contained  2.2  parts  by  weight  of 
30  ruthenium  per  100  parts  by  weight  of  said  silica  gel. 

Example  of  reaction 
Fischer-Tropsch  experiments  were  carried  out  by  using  a  flow  system  having  a  vertical  reactor  30  ml  in 

inner  volume. 
35  For  the  production  of  hydrocarbons,  all  catalysts  were  pretreated  by  reducing  in  flowing  hydrogen  at 

flow  rate  of  50«60  ml/min  at  300°C  for  2  hours  under  atmospheric  pressure.  The  experiments  for  the 
production  of  hydrocarbons  were  done  by  passing  a  mixture  of  hydrogen  and  carbon  monoxide  (H2/CO 
ratio  of  0.5~3.0)  over  a  catalyst  at  a  pressure  of  about  7.8  to  14.7  bar  and  at  each  temperature  of  235°C, 
250°C,  275°C  or  300°C.  The  products  were  analyzed  by  a  GCL  measurement. 

40  The  catalysts  which  were  prepared  by  the  above-described  method  were  tested  at  235°C  and  at  a 
pressure  of  9.8  bar  and  at  a  gas  space  velocity  of  750  hr~1  with  a  mixture  of  hydrogen  and  carbon  monoxide 
having  a  H2/CO  ratio  of  1.0.  The  result  is  shown  in  Table  2.  Herein,  as  a  comparative  example,  the 
distribution  of  formed  hydrocarbons  obtained  by  using  comparative  catalyst  1  is  shown  in  Exp.  No.  8,  and 
that  obtained  by  using  comparative  catalyst  3  is  shown  in  Exp.  No.  1  6  of  the  Table.  The  detailed  distribution 

45  of  formed  hydrocarbons  by  using  each  catalyst  of  Exp.  9,  12  and  14,  and  by  using  comparative  catalyst  1  is 
shown  in  Figure  2,  which  is  the  graph  with  the  weight  distribution  of  products  on  the  vertical  axis  and  the 
carbon  number  of  formed  hydrocarbons  horizontally.  For  the  catalyst  2,  CO  conversion  was  31.5%  and  CO2 
selectivity  was  26.0%.  The  weight  distribution  of  formed  hydrocarbons  was  similar  to  that  of  Experiment 
No.  1  except  that  the  amount  of  C2~C4  hydrocarbons  was  27  weight  %  of  the  total  products. 
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The  results  summarized  in  Table  1,  Table  2,  Figure  1  and  Figure  2  are  as  follows: 
(1)  As  can  be  seen  by  comparison  of  experiments  1,  2  and  8  of  Table  2,  the  product  distribution  which 

was  obtained  in  experiment  1  and  2,  wherein  the  v-alumina  belonging  to  Classification  A  (Table  1)  was 
used  as  a  catalyst  carrier,  shows  high  selectivity  to  C5  to  C10  products  and  at  the  same  time  it  also  shows 

5  that  the  amount  of  hydrocarbons  having  high  boiling  point  in  the  range  C16~C20  is  very  small,  whereas  the 
product  distribution  in  experiment  8  wherein  the  comparative  catalyst  1  was  used  does  not  show  such  a 
high  selectivity.  As  can  be  also  seen  by  comparison  of  experiments  9,  10,  11  and  16  of  Table  2,  the 
selectivity  of  Cs  to  C10  products  which  were  obtained  in  experiment  9,  10  and  11  wherein  the  silica  gel 
belonging  to  Classification  D  (Table  1  )  was  used  as  a  catalyst  carrier,  exceeded  65%  of  the  total  products  by 

10  weight  and  at  the  same  time  the  amount  of  C  ̂ to  C15  and  C16  to  C20  products  was  extremely  small,  whereas 
the  selectivity  of  products  in  experiment  16  was  not  so  high,  wherein  the  comparative  catalyst  3  was  used. 
These  results  can  be  also  indicated  in  the  curve  A  of  Figure  2.  Herein  this  curve  shows  that  drastic  decline  in 
chain  growth  probability  occurred  at  C9. 

(2)  As  can  be  seen  by  comparison  of  experiments  3,  4  and  8,  the  selectivity  of  Cin  to  C-i5  products  which 
rs  was  obtained  in  experiment  3  and  4,  wherein  the  y-alumina  belonging  to  classification-B  (Table  1  )  was  used 

as  a  catalyst  carrier,  is  high  and  at  the  same  time  the  amount  of  the  hydrocarbons  having  high  boiling  point 
in  the  range  C16  to  C20  is  small,  whereas  the  selectivity  of  the  products  in  experiment  8  is  not  so  high.  As  can 
be  also  seen  by  comparison  of  experiments  12,  13  and  14,  the  selectivity  of  C  ̂ to  C1S  products  which  was 
obtained  in  experiment  12  and  13,  wherein  the  silica  gel  belonging  to  Classification  E  (Table  1)  was  used  as 

20  a  catalyst  carrier,  is  high,  i.e.  more  than  40%  of  the  total  products  by  weight,  compared  that  in  experiment 
16. 

This  result  can  be  also  indicated  in  the  curve  B  of  Figure  2.  Herein  this  curve  shows  that  drastic  decline 
in  chain  growth  probability  occurs  at  C1S. 

As  can  be  seen  by  comparison  of  experiments  14,  15,  and  16,  the  selectivity  of  C16  to  C20  products 
25  which  was  obtained  in  experiments  14  and  15  wherein  the  silica  gel  belonging  to  Classification  F  was  used 

as  a  catalyst  carrier,  is  high,  compared  with  that  in  experiment  16.  This  result  can  be  also  indicated  in  the 
Curve  C  of  Figure  2.  Herein  this  curve  shows  that  the  chain  growth  probability  increase  in  the  range  of  high 
boiling  point. 

30  Example  2 
0.5  g  of  ruthenium  chloride  (RuCI3  •  H2O)  was  dissolved  in  5  ml  of  water.  The  resulting  solution  was 

added  to  10  ml  of  silica  •  alumina  (surface  area  470  m2/g,  pore  volume  0.25  ml/g,  average  pore  radius  1.07 
nm,  the  pore  diameter  having  the  largest  differential  pore  volume,  1.4  nm).  After  the  mixture  was  allowed 
to  stand  overnight  at  room  temperature,  it  was  dried  at  1  1  0°C  for  3  hours  and  was  calcined  at  450°C  in  air  for 

35  4  hours.  The  resultant  catalyst  contained  1.4  parts  by  weight  of  ruthenium  per  100  parts  by  weight  of 
above-described  silica  alumina. 

The  Fischer-Tropsch  experiment  was  carried  out  by  using  a  flow  system  having  a  reactor  30  ml  in  inner 
volume.  For  the  production  of  hydrocarbons,  the  catalyst  was  pretreated  by  reducing  in  flowing  hydrogen 
at  flow  rate  of  50  to  60  ml/min  at  300°C  for  2  hours  under  atmospheric  pressure.  The  experiment  was  done 

40  by  passing  a  mixture  of  hydrogen  and  carbon  monoxide  (H2/CO  ratio  0.5  to  3.0)  at  a  pressure  of  about  7.8  to 
14.7  bar  and  at  each  temperature  of  235°C,  275°C  and  300°C.  The  products  were  analyzed  by  a  GCL 
measurement.  CO  conversion  and  CO2  selectivity  were  18.3%  and  4.3%  respectively  at  235°C,  27.4%  and 
8.8%  respectively  at  275°C  and  46.2%  and  9.6%  respectively  at  300°C.  The  product  distribution  which  was 
obtained  at  235°C  in  the  above  experiment  is  shown  in  Figure  4,  compared  with  that  obtained  by  using 

45  commercially  available  silica  •  alumina  as  a  catalyst  carrier  (comparative  example).  In  the  Figure,  A 
indicates  the  product  distribution  obtained  in  the  invention  and  B  indicates  that  obtained  in  comparative 
Example.  As  can  be  seen  in  Figure  4,  the  product  distribution  curve  which  was  obtained  in  the  invention 
shows  high  selectivity  to  hydrocarbons  having  less  than  10  of  carbon  number,  preferably  to  C4  to  C|0 
hydrocarbons,  and  at  the  same  time  it  shows  the  amount  of  hydrocarbons  having  more  than  1  0  of  carbon 

so  number  is  very  small. 

Example  3 
The  catalyst  was  prepared  by  the  same  method  used  in  Example  2  except  that  silica  •  alumina  (surface 

area  417  m2/g,  pore  volume  0.29  ml/g,  average  pore  radius  1.37  nm,  the  pore  diameter  having  the  largest 
55  differential  pore  volume  1.34  nm)  was  used  as  a  catalyst  carrier.  The  obtained  catalyst  contained  2.1  parts 

'  by  weight  of  ruthenium  per  100  parts  by  weight  of  above-described  silica  •  alumina.  A  Fischer-Tropsch 
experiment  was  carried  out  under  the  same  reaction  conditions  as  used  in  Example  2.  The  composition  by 
weight  of  formed  hydrocarbons  obtained  at  235°C  is  12.9%  methane,  3.2%  C2,  10.7%  C3,  18.8%  C4,  16.4% 
C5,  12.1  %  C6,  9.1  %  C7,  5.4%  C8,  3.3%  C9,  2.5%  C10  and  5.6%  hydrocarbons  having  more  than  1  1  of  carbon 

60  number.  CO  conversions  were  21.3%  at  235°C  and  30.6%  at  275°C.  The  amount  of  branched  C7 
hydrocarbons  is  52%  by  weight  of  total  C7  hydrocarbons. 

Comparative  Example 
The  catalyst  was  prepared  by  the  same  method  used  in  Example  2  except  the  use  of  a  commercially 

65  available  silica  •  alumina  (surface  area  421  m2/g,  pore  volume  0.43  ml/g  measured  with  a  high  pressure 
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mercury  porosity  meter,  pore  size  distribution;  33%  in  the  range  of  less  than  7.0  nm,  33%  in  the  range  of  7.0 
to  10  nm  and  30%  in  the  range  of  more  than  20.0  nm).  The  obtained  catalyst  contained  1.8  parts  by  weight 
of  ruthenium  per  1  00  parts  by  weight  of  above-described  silica  alumina.  A  Fischer-Tropsch  experiment  was 
carried  out  under  the  same  reaction  conditions  as  used  in  Example  2.  CO  conversions  were  17.2%  at  235°C 

s  and  33.2%  at  275°C. 
Figure  4  shows  the  product  distribution  curve  with  the  above  catalyst. 

Example  4 
The  catalyst  was  prepared  by  the  same  method  used  in  Example  2  except  the  use  of  a  silica  alumina 

10  (surface  area  326  m2/g,  pore  volume  0.21  ml/g,  average  pore  radius  1.27  nm,  the  pore  diameter  having  the 
largest  differential  pore  volume  1.42  nm).  Thus  obtained  catalyst  was  impregnated  with  5  ml  of  water 
containing  0.4  g  of  potassium  nitrate  and  then  dried.  The  catalyst  prepared  with  the  above  method 
contained  1.8  parts  by  weight  of  ruthenium  and  3.3  g  by  weight  of  potassium  per  100  parts  by  weight  of  the 
above  silica  alumina.  A  Fischer-Tropsch  experiment  was  carried  out  under  the  same  reaction  condition  as 

is  used  in  Example  2.  CO  conversions  were  13.6%  at  235°C,  33.4%  at  275°C.  The  formed  hydrocarbons 
obtained  at  235°C  included  5.3%  of  methane,  16.3%  of  C2  to  C4,  51  .3%  of  Cs  to  C10,  25.5%  of  C  ̂ to  C15  and 
1  .6%  of  C16  to  C20.  As  shown  from  the  above-obtained  result  the  selectivity  to  Cs  to  C10  hydrocarbons  is  high 
and  the  amount  of  C16  to  C20  hydrocarbons  having  high  boiling  point  is  small,  whereas  each  selectivity  of 
the  products  obtained  by  using  the  catalyst  supported  on  the  y-alumina  which  does  not  have  ordinary 

20  acidity,  is  low. 

Claims 

1.  A  method  for  producing  hydrocarbons,  which  comprises  contacting  synthesis  gas  having  a  molar 
25  ratio  of  hydrogen  to  carbon  monoxide  and/or  carbon  dioxide  of  from  0,5  to  3,0  with  a  heterogeneous 

catalyst  at  a  temperature  of  200  to  350°C  and  at  the  pressure  of  from  1,01  to  98,1  bar  and  at  a  gas  space 
velocity  of  from  500  to  5000  I/hour,  said  heterogeneous  catalyst  comprising  0,1  to  50  parts  by  weight  of  at 
least  one  VIII  group  metal  capable  of  reducing  carbon  monoxide  and/or  carbon  dioxide  supported  on  100 
parts  by  weight  of  a  metal  oxide  carrier  and  at  least  one  promotor  (with  the  exception  that  when  using 

30  ruthenium  as  catalyst  metal  a  promotor  is  not  necessary),  characterized  in  that  said  carrier  has  a  very 
narrow  pore  size  distribution  in  the  micropores  region  within  the  range  of  0,1  to  3  nm. 

2.  A  method  for  producing  hydrocarbons  according  to  claim  1,  wherein  said  carrier  consists  of  mixed 
metal  oxides. 

3.  Method  for  producing  hydrocarbons  according  to  claim  1  or  2  wherein  said  catalyst  contains  0,1  to 
35'  17  parts  by  weight  of  an  alkali  metal. 

4.  A  method  for  producing  hydrocarbons  according  to  claims  1  to  3,  wherein  the  very  narrow  pore  size 
distribution  of  carrier  is  within  the  range  0,1  to  1,5  nm. 

5.  A  method  for  producing  hydrocarbons  according  to  claims  1  to  4,  wherein  the  metal  oxide  carrier  is 
selected  from  the  group  consisting  of  Y-alumina  and  silica  gel. 

40  6.  A  method  for  producing  hydrocarbons  according  to  claims  1  to  4,  wherein  the  mixed  metal  oxide 
carrier  is  selected  from  the  group  consisting  of  silica  alumina  and  silica  magnesia. 

Patentanspruche 

45  1.  Verfahren  zur  Herstellung  von  Kohlenwasserstoffen,  bei  dem  Synthesegas,  das  ein  0,5  bis  3,0 
betragendes  Molverhaltnis  von  Wasserstoff  zu  Kohlenmonoxid  und/oder  Kohlendioxid  hat,  bei  einer 
Temperatur  von  200  bis  350°C  und  bei  einem  Druck  von  1,01  bis  98,1  bar  und  mit  einer  Gas- 
Raumgeschwindigkeit  von  500  bis  5000  h~1  mit  einem  heterogenen  Katalysator  in  Beriihrung  gebracht 
wird,  wobei  der  heterogene  Katalysator  0,1  bis  50  Masseteile  wenigstens  eines  Metalls  der  Gruppe  VIII,  das 

so  imstande  ist,  Kohlenmonoxid  und/oder  Kohlendioxid  zu  reduzieren,  und  auf  100  Masseteilen  eines 
Metalloxid-Tragers  getragen  wird,  und  wenigstens  einen  Promotor  enthalt  (mit  der  Ausnahme,  dalS  kein 
Promotor  notwendig  ist,  wenn  als  Katalysatormetall  Ruthenium  verwendet  wird),  dadurch  gekennzeichnet, 
daS  der  Trager  eine  sehr  enge  PorengrolSenverteilung  im  Mikroporenbereich  hat,  die  innerhalb  des 
Bereichs  von  0,1  bis  3  nm  liegt. 

55  2.  Verfahren  zur  Herstellung  von  Kohlenwasserstoffen  nach  Anspruch  1,  bei  dem  der  Trager  aus 
gemischten  Metalloxiden  besteht. 

3.  Verfahren  zur  Herstellung  von  Kohlenwasserstoffen  nach  Anspruch  1  oder  2,  bei  dem  der ■  Katalysator  0,1  bis  17  Masseteile  eines  Alkalimetalls  enthalt. 
4.  Verfahren  zur  Herstellung  von  Kohlenwasserstoffen  nach  Anspruchen  1  bis  3,  bei  dem  die  sehr  enge 

60  PorengrolSenverteilung  des  Tragers  innerhalb  des  Bereichs  von  0,1  bis  1,5  nm  liegt. 
5.  Verfahren  zur  Herstellung  von  Kohlenwasserstoffen  nach  Anspruchen  1  bis  4,  bei  dem  der 

Metalloxid-Trager  aus  der  Gruppe  ausgewahlt  ist,  die  aus  v-Aluminiumoxid  und  Kieselgel  besteht. 
6.  Verfahren  zur  Herstellung  von  Kohlenwasserstoffen  nach  Anspruchen  1  bis  4,  bei  dem  der  aus 

gemischten  Metalloxiden  bestehende  Trager  aus  der  Gruppe  ausgewahlt  ist,  die  aus  Siliciumdioxid- 
55  Aluminiumoxid  und  Siliciumdioxid-Magnesiumoxid  besteht. 
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Revendications 

1.  Procede  pour  produire  des  hydrocarbures,  qui  consiste  a  mettre  en  contact  un  gaz  de  synthese  ayant 
un  rapport  molaire  de  I'hydrogene  au  monoxyde  de  carbone  et/ou  au  dioxyde  de  carbone  compris  entre  0,5 

s  et  3,0  avec  un  catalyseur  heterogene,  a  une  temperature  comprise  entre  200  et  350°C,  a  une  pression 
comprise  entre  1,01  et  98,1  hkPa  et  a  une  vitesse  spatiale  gazeuse  comprise  entre  500  et  5000  heure"1,  ce 
catalyseur  heterogene  comprenant  0,1  a  50  parties  en  poids  d'au  moins  un  metal  du  groupe  VIM  capable  de 
reduire  le  monoxyde  de  carbone  et/ou  le  dioxyde  de  carbone  supporte  sur  100  parties  en  poids  d'un 
support  d'oxyde  metallique  et  au  moins  un  promoteur  (sauf  que,  lorsqu'on  utilise  du  ruthenium  comme 

10  metal  catalyseur,  le  promoteur  est  inutile),  caracterise  en  ce  que  ce  support  a,  dans  la  region  des 
micropores,  une  distribution  de  dimensions  des  pores  tres  resserree  dans  la  plage  de  0,1  a  3  nm. 

2.  Procede  pour  produire  des  hydrocarbures  selon  la  revendication  1,  dans  lequel  le  support  est 
constitue  par  des  oxydes  metalliques  melanges. 

3.  Procede  pour  produire  des  hydrocarbures  selon  la  revendication  1  ou  2,  dans  lequel  le  catalyseur 
75  contient  0,1  a  17  parties  en  poids  d'un  metal  alcalin. 

4.  Procede  pour  produire  des  hydrocarbures  selon  les  revendications  1  a  3,  dans  lequel  la  distribution 
de  dimensions  des  pores  tres  resserree  du  support  est  comprise  entre  0,1  et  1,5  nm. 

5.  Procede  pour  produire  des  hydrocarbures  selon  les  revendications  1  a  4,  dans  lequel  le  support 
d'oxyde  metallique  est  selectionne  dans  le  groupe  comprenant  la,  yalumine  et  un  gel  de  silice. 

20  6.  Procede  pour  produire  les  hydrocarbures  selon  les  revendications  1  a  4,  dans  lequel  le  support 
d'oxydes  metalliques  melanges  est  selectionne  dans  le  groupe  comprenant  un  melange  d'alumine  et  de 
silice  et  un  melange  de  magnesie  et  de  silice. 
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