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Description 

The  invention  relates  to  a  process  for  the  prepara- 
tion  of  organic  compounds  by  passing  feed  gas  in  at 
least  one  reaction  zone  through  fluid-permeable  s 
holders  containing  catalyst  particles. 

Such  a  process  is  known  from  US-A-4,215,01  1 
employing  catalyst  particles  which  also  serve  as  dis- 
tillation  packing;  said  particles  are  contained  in  a 
plurality  of  closed  cloth  pockets  present  in  a  spirally  w 
wound  cloth  belt  or  in  cages  of  wire  cloth  supported 
by  a  save  tray.  The  known  process  has  as  disadvan- 
tages  the  restriction  of  vapour  flow  through  the  cloth 
and  attrition  of  the  catalyst  particles. 

In  the  present  process,  in  which  synthesis  gas  is  75 
led  continuously  or  discontinuously  through  a  cata- 
lyst  bed,  it  is  often  desirable  to  employ  as  small 
catalyst  particles  as  possible  in  order  to  improve  the 
yield  per  unit  weight  of  catalyst.  It  is  not,  however, 
possible  to  reduce  the  particle  size  of  the  catalyst  in-  20 
definitely,  since  the  pressure  drop  in  a  catalyst  bed  in 
the  direction  of  flow  of  the  synthesis  gas  in  greater 
as  the  catalyst  particles  are  smaller.  The  greater 
pressure  drop  often  cancels  out  the  advantage  ensu- 
ing  from  the  employment  of  smaller  particles.  2s 

It  has  now  been  found  that  the  drawbacks  con- 
nected  with  the  employment  of  smaller  catalyst  par- 
ticles  packed  in  cages  of  wire  cloth  can  largely  be 
overcome  by  employing  catalyst  particles  packed  in 
stacked  catalyst  holders  permeable  to  fluid  (i.e.  gas  30 
and  liquid). 

The  invention  therefore  relates  to  a  process  for  the 
preparation  of  organic  compounds  by  passing  feed 
gas  in  at  least  one  reaction  zone  trough  fluid-perme- 
able  holders  containing  catalyst  particles,  character-  35 
ized  in  that  the  catalyst  holders  are  stacked  in  the 
reaction  zone(s)  and  are  provided  with  a  plurality  of 
openings  having  a  diameter  of  0.05  to  0.7  mm  and 
in  that  synthesis  gas  is  employed  as  feed  gas. 

The  process  according  to  the  invention  causes  40 
only  a  relatively  small  pressure  drop  while  the  yield 
per  unit  weight  of  catalyst  remains  almost  the  same 
as  that  obtained  by  employing  similar  catalyst  parti- 
cles  without  said  holders;  in  addition  mass  transport 
limitations  arising  from  the  employment  of  larger  as 
catalyst  particles  are  largely  eliminated.  Moreover, 
heat  transfer  is  improved. 

The  process  according  to  the  invention  can  be  car- 
ried  out  continuously  or  discontinuously;  preferably 
a  continuous  process  is  employed.  so 

The  particle  size  of  the  catalyst  is  preferably  be- 
tween  0.1  and  1  .5  mm  and  more  preferably  between 
0.25  and  1.0  mm,  always  based  on  the  largest  di- 
ameter  of  each  particle. 

The  catalyst  holder  can  in  principle  have  any  ss 
shape.  Preferably,  the  height  and  width  of  the 
catalyst  holder  do  not  differ  by  more  than  50%  from 
the  length;  in  particular,  the  catalyst  holder  has  a 
regular  shape,  for  example  substantially  cylindrical 
or  spherical.  Substantially  spherical  catalyst  holder  so 
are  the  most  preferred.  The  diameter  of  the  catalyst 
holder  is  advantageously  between  2  and  1  0  mm  and 
in  particular  between  4  and  8  mm,  always  based  on 
the  largest  diameter  of  each  holder. 

The  catalyst  holder  suitably  consists  of  a  continu-  65 

ous  network  of  material  which,  under  the  conditions 
under  which  the  synthesis  gas  is  contacted  with  the 
catalyst,  is  inert.  Preferably,  the  catalyst  holder  con- 
sists  of  a  closed  network  of  aluminium  or  stainless 
steel. 

Advantageously  20-95%  and  preferably  40-90% 
of  the  surface  area  of  the  holder  consists  of  a  perme- 
able  area.  The  permeable  area  is  formed  by  a  plurality 
of  openings  in  e.g.  a  network,  which  openings  have 
a  diameter  of  0.05  to  0.7  mm  and  in  particular  of  0.  1 
to  0,5  mm,  the  diameter  of  course  always  being 
chosen  such  that  the  catalyst  particles  in  the  catalyst 
holder  cannot  pass  through  the  openings  in  the  cata- 
lyst  holder. 

At  least  50%,  preferably  at  least  80%  and  in  par- 
ticular  the  entire  volume  of  the  reaction  zone  is  oc- 
cupied  by  the  stacked  catalyst  holders  forming  inter- 
stices,  the  interstices  between  the  stacked  catalyst 
holders  preferably  occupying  between  20  and  50% 
of  the  volume  in  the  reaction  zone. 

The  process  according  to  the  invention  is  in  princi- 
ple  suitable  for  any  conversion  of  synthesis  gas  into 
organic  compounds.  In  such  a  conversion,  the  syn- 
thesis  gas  is  passed  at  a  particular  temperature  and 
pressure  and  with  a  particular  space  velocity  through 
a  catalyst  bed  containing  a  particular  catalyst  packed 
in  the  above-described  catalyst  holders.  The  choice 
of  catalyst,  temperature,  pressure  and  space  veloci- 
ty  depends  on  the  desired  product. 

The  process  according  to  the  invention  is  particu- 
larly  suitable  for  the  preparation  of  hydrocarbons 
and/or  oxygen-containing  hydrocarbon  derivatives, 
such  as  methanol,  from  synthesis  gas. 

If  the  process  according  to  the  invention  is  carried 
out  forthe  preparation  of  methanol,  catalysts  known 
in  the  art  for  converting  synthesis  gas  into  methanol 
should  be  employed  as  catalyst,  e.g.  a  catalyst  con- 
taining  zinc  together  with  chromium. 

If  the  process  according  to  the  invention  is  carried 
out  for  the  preparation  of  hydrocarbons,  Fischer- 
Tropsch  catalysts  known  in  the  art,  which  contain 
Fe,  Co,  Ru  and/or  Ni,  can  be  employed.  The  present 
invention  is  suitable  for  the  preparation  of  middle  dis- 
tillates.  In  this  context  «middle  distillates"  are  under- 
stood  to  be  hydrocarbon  mixtures  whose  boiling 
range  corresponds  substantially  to  that  of  the  kero- 
sine  and  gas  oil  fractions,  which  are  obtained  in  the 
classical  atmospheric  distillation  of  crude  petroleum. 
The  middle  distillate  range  extends  substantially 
from  about  1  50  to  360°C. 

Middle  distillates  can  be  prepared  in  one  or  two 
stages.  They  are  prepared  in  one  stage  by  passing 
the  synthesis  gas  over  a  Fischer-Tropsch  catalyst 
with  one  or  more  promotors  and  a  carrier  material. 
The  products  which  can  be  prepared  with  these  cata- 
lysts  generally  contain  a  very  wide  molecular  weight 
distribution  and,  in  addition  to  branched  and  non- 
branched  paraffins,  often  contain  considerable 
quantities  of  olefins  and  oxygen-containing  organic 
compounds.  The  products  obtained  often  contain 
only  a  small  proportion  of  middle  distillates.  Besides 
the  yield,  the  product  characteristics  of  the  gas  oil 
obtained  leave  much  to  be  desired  as  a  consequence 
of  the  presence  of  the  previously  mentioned  olefins 
and  oxygen-containing  organic  compounds.  That  is 
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why  the  two-stage  method  of  preparation  is  prefera- 
bly  used,  in  which  in  a  first  step  a  class  of  Fischer- 
Tropsch  catalysts  is  used,  which  catalysts  have  the 
property  that  they  give  a  product  containing  only 
very  small  amounts  of  olef  ins  and  oxygen-containing 
organic  compounds  and  consisting  almost  exclu- 
sively  of  non-branched  paraffins,  a  large  proportion 
of  which  boil  above  the  middle  distillate  range,  and  in 
which  in  a  second  stage  the  high-boiling  part  of  the 
product  obtained  in  the  first  stage  is  converted  by 
hydrocracking  into  middle  distillates.  As  feedstock 
for  the  hydrocracking,  at  least  that  part  of  the  prod- 
uct  is  chosen  whose  initial  boiling  point  lies  above  the 
final  boiling  point  of  the  heaviest  middle  distillate 
desired  as  end  product.  The  hydrocracking,  which  is 
characterized  by  a  low  hydrogen  consumption,  gives 
middle  distillates  with  a  substantially  better  pour 
point  than  those  obtained  from  the  direct  conver- 
sion  of  a  H2/CO  mixture  according  to  the  Fischer- 
Tropsch  method. 

The  process  according  to  the  invention  is  advanta- 
geously  employed  in  the  first  stage  of  this  two-stage 
method  of  preparation. 

The  Fischer-Tropsch  catalysts  used  in  the  first 
stage  of  the  two-stage  method  of  preparation  prefer- 
ably  contain  silica,  alumina  or  silica-alumina  as  carri- 
er  material,  and  cobalt  together  with  zirconium, 
titanium  and/or  chromium  as  catalytically  active 
metals,  preferably  in  such  quantities  that  3-60  parts 
by  weight  cobalt  and  0.  1  -1  00  parts  by  weight  zirco- 
nium,  titanium  and/or  chromium  are  present  per  1  00 
parts  by  weight  carrier  material  .  The  catalysts  are  ad- 
vantageously  prepared  by  kneading  and/or  impreg- 
nating  the  metals  in  question  onto  the  carrier  ma- 
terial.  Before  being  used,  the  cobalt  catalysts  are 
preferably  activated.  This  activating  can  be  suitably 
carried  out  by  contacting  the  catalyst  at  a  tempera- 
ture  of  between  200  and  350°C  with  hydrogen  or  a 
hydrogen-containing  gas. 

The  conversion  of  synthesis  gas  into  middle  distil- 
lates  is  preferably  carried  out  at  a  temperature  of 
125-350°C  and  in  particular  of  175-275°C  and  a 
pressure  of  5-1  00  bar  and  in  particular  of  1  0-75  bar. 

The  H2-  and  CO-containing  feedstock,  which  is 
converted  into  middle  distillates  with  the  aid  of  the 
above-mentioned  catalysts,  preferably  has  an  H2/CO 
mol.  ratio  of  1.0-2.5  and  in  particular  of  1.5-2.25. 

Although  in  the  preparation  of  middle  distillates 
from  the  product  obtained  via  the  synthesis  catalyst, 
that  part  of  the  product  whose  initial  boiling  point  lies 
above  the  final  boiling  point  of  the  heaviest  middle 
distillate  desired  as  end  product  can  be  used  as  feed- 
stock  for  hydrocracking,  use  is  preferably  made  for 
this  purpose  of  the  total  Cg  +  fraction  and  in  particu- 
lar  of  the  total  C5+  fraction  of  the  product  of  the 
first  stage,  since  it  has  been  observed  that  under  the 
influence  of  the  catalytic  hydrogen  treatment,  the 
quality  of  the  gasoline,  kerosine  and  gas  oil  fractions 
contained  therein  is  improved. 

The  hydrocracking  is  carried  out  by  contacting  the 
fraction  to  be  treated,  at  elevated  temperature  and 
pressure  and  in  the  presence  of  hydrogen,  with  a 
catalyst  containing  one  or  more  noble  metals  from 
Group  VIII  on  a  carrier.  As  hydrocracking  catalyst, 
a  catalyst  is  preferably  employed  which  contains 

0.1-2  wt%  and  in  particular  0.2-1  wt%  of  one  or 
more  noble  metals  from  Group  VIII  on  a  carrier. 
Preferred  catalysts  are  those  which  contain  platinum 
or  palladium  as  noble  metal  from  Group  VIII  and  sili- 
ca-alumina  as  carrier.  The  hydrocracking  is  prefer- 
ably  carried  out  at  a  temperature  of  200-400°C  and 
in  particular  of  250-350°C  and  at  a  pressure  of  5-10 
bar  and  in  particular  of  10-75  bar. 

If  the  reaction  product  prepared  via  the  synthesis 
catalyst  still  contains  sufficient  unconverted  hydro- 
gen  for  carriyng  out  the  hydrocracking,  both  steps 
can  be  carried  out  in  «series  flow».  In  that  case,  the 
C8—  fraction  or  the  C4—  fraction  is  not  separated  af- 
ter  the  first  stage,  but  only  after  the  second  stage.  As 
is  known,  carrying  out  a  multi-stage  process  in  series 
flow  means  that  the  total  reaction  product  from  a 
given  stage,  without  components  being  removed 
from  it  or  added  to  it,  is  used  as  feedstock  for  the  fol- 
lowing  stage,  which  is  carried  out  substantially  at  the 
same  pressure  as  the  previous  stage. 

The  invention  will  now  be  illustrated  with  the  aid  of 
the  following  Examples  of  which  only  Example  3  re- 
lates  to  the  process  according  to  the  invention. 

Comparative  Example  1 
Synthesis  gas  (molar  ratio  H2  :  CO  =  2)  was  con- 

tacted  at  230°C  and  20  bar  and  at  a  space  velocity 
of  900  I  (STP)/I  catalyst/hour  with  8  kg  catalyst  (9 
parts  by  weight  cobalt  and  6  parts  by  weight  zirco- 
nium  per  100  parts  by  weight  SiO2  as  carrier)  in  a 
reactor  with  a  volume  of  1  3  1.  The  catalyst  consisted 
of  catalyst  particles  with  a  diameter  of  0.38  mm. 

Comparative  Example  2 
Example  1  was  repeated,  except  that  the  diameter 

of  the  catalyst  particles  was  now  2.4  mm. 

Example  3 
Example  1  was  repeated,  excepts  that  the  catalyst 

particles  were  packed  in  catalyst  holders.  The  cata- 
lyst  holders  were  spherical,  had  a  diameter  of  6  mm 
and  consisted  of  a  network  of  stainless  steel  with 
openings  of  0.3  mm  and  a  permeable  area  of  75%  of 
the  network  area.  The  reactor  was,  except  for  the 
interstices,  entirely  filled  with  catalyst  holders.  The 
quantity  of  catalyst  was  5.2  kg. 

In  these  3  Examples  the  yield  (expressed  as  kg 
Ci  +  -kg  catalyst  "1  -h"1)  the  selectivity  (the  part  of 
the  C1  +  fraction  that  belonged  to  the  C3  +  fraction) 
and  the  pressure  drop  were  determined. 

The  results  are  given  in  Table  1  below. 

TABLE  1 

20 

30 

35 

40 

SO 

1  (Comp.)  2  (Comp.) Example 55 

diameter  of  cata- 
lyst  particles  0.38  mm  2.4  mm  0.38  mm 
catalyst  holder  —  —  — 
yield  123  52  120 
selectivity 
(C3  +  /C1  +  )  87  67  83 

pressure  drop  (bar)  10  0.25  0.04 
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sentlichen  zylindrische  oder  kugelformige  Gestalt 
besitzen. 

5.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  in  welchem  die  Katalysatortrager  einen 
Durchmesser  zwischen  2  und  10  mm  aufweisen. 

6.  Verfahren  nach  einem  der  vorstehenden  An- 
spriiche,  in  welchem  die  Zwischenraume  zwischen 
den  gestapelten  Katalysatortragern  zwischen  20 
und  50%  des  Volumens  der  Reaktionszone  einneh- 
men. 

7.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  in  welchem  die  Katalysatortrager  aus  einem 
kontinuierlichen  Materialnetz  bestehen,  welches  un- 
ter  den  bei  Kontaktierung  des  Synthesegases  mit 
dem  Katalysator  herrschenden  Bedingungen  inert 
ist. 

8.  Verfahren  nach  Anspruch  7,  in  welchem  die 
Katalysatortrager  aus  einem  geschlossenen  Netz 
aus  Aluminium  oder  Edelstahl  bestehen. 

9.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  in  welchem  zwischen  20  und  95%  der 
Oberflache  der  Trager  eine  durchlassige  Flache  dar- 
stellen. 

10.  Verfahren  nach  einem  der  vorstehenden  An- 
spriiche,  in  welchem  die  Trager  mit  Offnungen  mit 
einem  Durchmesser  zwischen  0,1  und  0,5  mm  ver- 
sehen  sind. 

Claims 

1.  Process  for  the  preparation  of  organic  com- 
pounds  by  passing  feed  gas  in  at  least  one  reaction 
zone  through  fluid-permeable  holders  containing 
catalyst  particles,  characterized  in  that  the  catalyst 
holders  are  stacked  in  the  reaction  zone(s)  and  are 
provided  with  a  plurality  of  openings  having  a  diam- 
eter  of  0.05  to  0.7  mm  and  in  that  synthesis  gas  is 
employed  as  feed  gas. 

2.  Process  according  to  claim  1  wherein  the  cata- 
lyst  particles  have  a  diameter  lying  between  0.  1  and 
1.5  mm. 

3.  Process  according  to  claim  1  or  2  wherein  the 
catalyst  holders  have  a  width  and  height  not  differing 
by  more  than  50%  from  the  length. 

4.  Process  according  to  any  of  the  preceding 
claims  wherein  the  catalyst  holders  are  substantially 
cylindrical  or  spherical. 

5.  Process  according  to  any  of  the  preceding 
claims  wherein  the  catalyst  holders  have  a  diameter 
lying  between  2  and  10  mm. 

6.  Process  according  to  any  of  the  preceding 
claims  wherein  the  interstices  between  the  stacked 
catalyst  holders  occupy  between  20  and  50%  of  the 
volume  in  the  reaction  zone. 

7.  Process  according  to  any  of  the  preceding 
claims  wherein  the  catalyst  holders  consist  of  a  con- 
tinuous  network  of  material  which  is  inert  under  the 
conditions  under  which  the  synthesis  gas  is  contact- 
ed  with  the  catalyst. 

8.  Process  according  to  claim  7  wherein  the 
catalyst  holders  consist  of  a  closed  network  of 
aluminium  or  stainless  steel. 

9.  Process  according  to  any  of  the  preceding 
claims  wherein  between  20  and  95%  of  the  surface 
area  of  the  holders  consists  of  permeable  area. 

10.  Process  according  to  any  of  the  preceding 
claims  wherein  the  holders  are  provided  with  open- 
ings  having  a  diameter  lying  between  0.1  and  0.5 
mm. 

w 

15 

20 

25 

Revendications 

1  .  Proced6  de  preparation  de  composes  organi- 
ques  en  f  aisant  passer  du  gaz  d'alimentation  dans  au 
moins  une  zone  de  reaction  a  travers  des  recipients 
perm§ab!es  aux  fluides  contenant  des  particules  de 
catalyseur,  caracte>is6  en  ce  que  les  recipients  de 
catalyseursont  empiles  dans  la  (les)  zone(s)  de  reac- 
tion  et  sont  munis  de  plusieurs  ouvertures  ayant  un 
diametre  de  0,05  a  0,7  mm  et  en  ce  qu'on  emploie  du 
gaz  de  synthese  comme  gaz  d'alimentation. 

2.  Procede  selon  la  revendication  1  ou  les  particu- 
les  de  catalyseur  ont  un  diametre  situ6  entre  0,  1  et 
1,5  mm. 

3.  Proced6  selon  la  revendication  1  ou  2  ou  les 
recipients  de  catalyseur  ont  une  largeur  et  une  hau- 
teur  ne  differant  pas  de  plus  de  50%  de  la  lon- 
gueur. 

4.  Proce'd§  selon  I'une  quelconque  des  revendica- 
tions  precedentes  dans  lequel  les  recipients  de 
catalyseur  sont  essentiellement  cylindriques  ou 
spheriques. 

5.  Proc£d§  selon  I'une  quelconque  des  revendica- 
tions  pr6c6dentes  dans  lequel  les  recipients  de 
catalyseur  ont  un  diametre  situ6  entre  2  et  10  mm. 

6.  Proc6d6  selon  I'une  quelconque  des  revendica- 
tions  precedentes  dans  lequel  les  interstices  entre  les 
recipients  de  catalyseur  empiles  occupent  entre  20 
et  50%  du  volume  dans  la  zone  de  reaction. 

7.  Proc£d6  selon  I'une  quelconque  des  revendica- 
tions  pr£c£dentes  dans  lequel  les  recipients  de 
catalyseur  consistent  en  un  reseau  continu  de  ma- 
tiere  qui  est  inerte  dans  les  conditions  dans  lesquelles 
le  gaz  de  synthese  est  mis  en  contact  avec  le  cataly- 
seur. 
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40 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  organischen 
Verbindungen  mittels  Einleiten  eines  Zuspeisungs- 
gases  in  mindestens  eine  Reaktionszone  durch  fluid- 
durchlassige,  Katalysatorteilchen  enthaltende  Tra- 
gers  (holders),  dadurch  gekennzeichnet,  date  die  Ka- 
talysatortrager  in  der  (den)  Reaktionszonen  gesta- 
pelt  vorliegen  und  mit  einer  Vielzahl  von  Offnungen 
mit  einem  Durchmesser  von  0,05  bis  0,7  mm  verse- 
hen  sind  und  dalS  ein  Synthesegas  als  Zuspeisungs- 
gas  verwendet  wird. 

2.  Verfahren  nach  Anspruch  1,  in  welchem  die 
Katalysatorteilchen  einen  Durchmesser  zwischen 
0,1  und  1,5  mm  aufweisen. 

3.  Verfahren  nach  Anspruch  1  oder  2,  in  welchem 
die  Katalysatortrager  eine  Breite  und  eine  Hone  auf- 
weisen,  die  nicht  mehr  als  50%  von  der  Lange  abwei- 
chen. 

4.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  in  welchem  die  Katalysatortrager  im  we- 
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la  surface  des  recipients  consiste  en  une  surface  per- 
miable. 

1  0.  Proceed  selon  I'une  quelconque  des  revendi- 
cations  precedentes  dans  lequel  les  recipients  sont 
munis  d'ouvertures  ayant  un  diametre  situe  entre 
0,1  et  0,5  m. 

8.  Proc£de  selon  la  revendication  7  dans  lequel 
les  recipients  de  catalyseur  consistent  en  un 
reseau  ferme  d'aluminium  ou  d'acier  inoxyda- 
ble. 

9.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes  dans  lequel  entre  20  et  95%  de 

10 

15 

30 

35 

40 

45 

SO 

SS 

60 

65 

5 


	bibliography
	description
	claims

