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Group  8  metal  and/or  at  least  one  hydrogenating  component  of  a  Group  6b  metal,  which  zeolite  Y  base  material 
has  a  unit  cell  size  below  2.419  nm.  Use  of  such  a  catalyst  in  a  hydrocracking  process. 

CM 
O  
\r> 
i n  
CO 

a .  

Xerox  Copy  Centre 



EP  0  355  929  A1 

HYDROCRACKING  CATALYST  AND  USE  THEREOF  IN  A  HYDROCRACKING  PROCESS 

The  present  invention  relates  to  a  hydrocracking  catalyst  and  use  thereof  in  a  hydrocracking  process. 
Hydrocracking  is  a  well-known  process  in  which  hydrocarbonaceous  feedstocks  are  converted  into 

products  with  a  lower  average  boiling  point  by  contacting  the  feedstock  with  a  hydrocracking  catalyst  in  the 
presence  of  hydrogen.  From  European  patent  application  No.  0  247  679  it  is  known  that  it  would  be 

5  advantageous  to  crack  selectively  to  middle  distillates,  having  a  boiling  point  of  about  130  -  300  '  C,  and  in 
particular  to  produce  as  little  gas,  i.e.  Ci  -4  hydrocarbons,  as  possible. 

Hydrocracking  catalysts  usually  comprise  acidic  sites  to  promote  the  scission  of  heavy  hydrocarbon 
molecules  and  one  or  more  hydrogenating  components  to  promote  the  supply  of  hydrogen  to  the  cracked 
molecules.  Nowadays,  hydrocracking  catalysts  frequently  contain  a  crystalline  aluminosilicate,  in  particular 

70  zeolite  Y.  The  acidic  sites  on  the  aluminosilicate  are  the  result  of  trivalent  aluminium  ions  that  occupy  a 
tetrahedral  position  in  the  crystalline  structure.  In  order  to  maintain  electroneutrality,  positive  ions,  such  as 
protons  when  the  zeolite  is  in  its  acidic  form,  are  coordinated  with  the  tetrahedrally  coordinated  aluminium 
ions.  Hence,  if  no  aluminium  ions  were  present  in  the  structure,  there  would  not  be  any  acidic  sites  and  the 
crystalline  structure  would  not  be  suitable  as  a  component  in  a  zeolitic  hydrocracking  catalyst. 

15  The  silica/alumina  ratio  in  crystalline  faujasite-type  aluminosilicates  can  be  determined  by  X-ray 
diffraction  measurements.  The  relationship  of  Breck  and  Flanigen  provides  the  most  authoritative  and 
suitable  method  for  determining  the  silica/alumina  ratio.  The  Breck  and  Flanigen  relationship  reads  (see 
D.W.  Breck,  Zeolite  Molecular  Sieves,  J.Wiley,  New  York,  1974,  page  94): 

aQ  =  192  •  b  +  c ,  

1  +  R 

25  wherein  a0  is  the  unit  cell  size,  b  is  0.00868  and  c  is  24.191,  all  expressed  in  A,  and  R  is  the  atomic  Si/AI 
ratio.  When  the  values  for  b  and  c  have  been  substituted  into  the  relationship  it  appears  that 

R  =  1 - b b b   _  x 

a  -  2 4 . 1 9 1  
30  O  •  " 

From  this  relationship  it  can  be  concluded  that  the  minimal  unit  cell  size  is  regarded  as  being  24.191  A  and 
that  at  this  unit  cell  size  the  zeolite  would  not  contain  any  aluminium  and  hence  that  any  catalyst  containing 
such  a  zeolite  would  not  have  any  cracking  activity. 

35  Recently,  it  was  announced  that  zeolites  Y  with  a  unit  cell  size  well  below  the  theoretical  limits  of  24.191 
A  could  be  obtained  by  steaming  and  severe  leaching  of  a  zeoMite  Y  in  the  ammonium  form  (see  R. 
Thomasson,  International  Symposium  on  Innovation  in  Zeolite  Materials  Science,  Nieuwpoort,  Belgium,  13- 
17  September,  1987).  It  has  now  surprisingly  been  found  that  a  hydrocracking  catalyst  containing  such  a 
zeolite  does  have  a  cracking  activity  and  moreover,  that  the  use  of  such  a  hydrocracking  catalyst  in  a 

40  hydrocracking  process  yields  hardly  any  gaseous  products  and  shows  an  excellent  selectivity  towards 
middle  distillates. 

Accordingly,  the  present  invention  provides  a  hydrocracking  catalyst  comprising  a  zeolite  Y  base 
material  and  at  least  one  hydrogenating  component  of  a  Group  8  metal  and/or  at  least  one  hydrogenating 
component  of  a  Group  6b  metal,  which  zeolite  Y  base  material  has  a  unit  cell  size  below  2.419  nm. 

45  The  present  invention  further  relates  to  the  use  of  such  a  catalyst  in  a  hydrocracking  process  and  to  a 
process  for  the  conversion  of  a  hydrocarbonaceous  feedstock  into  products  with  a  lower  average  boiling 
point,  comprising  contacting  the  feedstock  in  the  presence  of  hydrogen  with  a  catalyst  as  described  above, 
at  elevated  temperature  and  pressure. 

The  catalyst  according  to  the  invention  comprises  a  zeolite  Y  base  material  with  a  unit  cell  size  below 
50  the  theoretical  minimum.  In  the  Symposium  referred  to  above,  it  was  claimed  that  there  has  been 

synthesised  a  zeolite  with  a  unit  cell  size  of  23.98  A,  i.e.  2.398  nm.  Suitably  the  present  catalysts  comprise 
a  zeolite  Y  base  material  with  a  unit  cell  size  from  2.380  to  2.419  nm,  in  particular  from  2.395  to  2.418  nm. 
Although  it  was  expected  that  the  present  zeolites  would  not  contain  any  aluminium,  it  was  found  that  there 
was  still  some  aluminium  left  in  the  structure.  By,  for  example  solid-state  27AI-NMR,  it  can  be  determined 
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how  much  aluminium  is  present  in  the  structure  of  the  above-described  zeolites  Y.  Preferably,  the 
aluminium  content  in  the  structure  of  the  zeolite  base  material  is  from  1  to  0.001  %wt,  more  preferably  from 
0.8  to  0.05  %wt,  calculated  on  total  zeolite  Y  base  material.  It  will  be  appreciated  that  some  more  aluminium 
compounds  may  be  present  in  the  zeolite  that  is  obtained  as  base  material,  but  that  these  are  not 

5  incorporated  in  the  structure.  The  total  amount  of  aluminium  can  easily  be  determined  by  elemental 
analysis. 

Zeolite  base  material  used  in  the  present  invention  will  have  been  stabilized,  and  generally  will  contain 
very  little  alkali  metal  ion,  the  amount  thereof,  calculated  as  alkali  metal  oxide,  being  in  particular  less  than 
0.4  %wt,  based  on  total  zeolite  base  material. 

io  Catalysts  according  to  the  invention  suitably  further  comprise  a  binder  material  to  give  the  catalyst 
particles  sufficient  strength.  Therefore  the  catalysts  advantageously  further  comprise  a  refractory  oxide.  The 
refractory  oxide  has  preferably  been  selected  from  the  group  consisting  of  alumina,  silica,  silica-alumina, 
zirconia,  thoria,  titania,  magnesia  and  mixtures  thereof.  It  is  in  particular  preferred  to  use  alumina  as 
refractory  oxide.  Another  preferred  embodiment  is  to  use  a  mixture  of  silica-alumina  and  alumina.  The 

75  silica-alumina  will  then  act  not  only  as  a  binder  material  but  also  as  an  amorphous  cracking  component. 
The  amount  of  refractory  oxide  in  the  catalyst  may  vary  within  wide  ranges.  Suitably,  the  amount  of 

refractory  oxide  is  from  10-90  %wt,  based  on  the  total  of  zeolite  Y  base  material  and  refractory  oxide. 
More  preferably,  the  amount  of  refractory  oxide  is  from  15-50  %wt,  based  on  the  total  of  zeolite  Y  base 
material  and  refractory  oxide.  When  a  mixture  of  e.g.  silica-alumina  and  alumina  is  used  as  refractory  .oxide 

20  the  total  amount  of  these  materials  will  usually  be  above  50  %wt  of  the  total  of  zeolite  and  refractory  oxides. 
The  hydrogenating  components  on  the  hydrocracking  catalysts  are  conveniently  selected  from  nickel, 

cobalt,  palladium  and  platinum  as  Group  8  metals  and  molybdenum  and  tungsten  compounds  as  Group  6b 
metals  and  mixtures  thereof.  On  the  catalyst  the  group  8  metal  is  preferably  present  in  an  amount  of  0.05  to 
10  parts  by  weight  (pbw),  calculated  as  metal,  per  100  pbw  of  total  catalyst,  and  the  group  6b  metal  is 

25  preferably  present  in  an  amount  of  2  to  40  pbw,  calculated  as  metal,  per  100  pbw  of  total  catalyst.  When  a 
noble  Group  8  metal  is  used  the  amount  is  more  preferably  from  0.05  -  2  pbw;  and  when  a  non-noble  metal 
is  employed  the  amount  thereof  is  more  preferably  from  2  -10  pbw  per  100  pbw  of  total  catalyst.  Especially 
the  non-noble  metals  of  Group  8  and  the  metals  of  Group  6b  are  suitably  present  in  the  catalyst  according 
to  the  invention  in  their  oxidic  or  sulphidic  form.  •" 

30  The  preparation  methods  for  preparing  the  catalyst  are  known  in  the  art.  Suitable  methods  include  ion- 
exchange,  impregnation  and  co-mulling.  The  preparation  generally  involves  also  one  or  more  drying  and/or 
calcination  steps  either  before  or  after  the  catalyst  has  been  shaped. 

Hydrocarbonaceous  feedstocks  that  can  be  used  in  the  present  process  include  gas  oils,  vacuum  gas 
oils,  deasphalted  oils,  long  residues,  short  residues,  catalytically  cracked  cycle  oils,  thermally  cracked  gas 

35  oils  and  syncrudes,  optionally  originating  from  tar  sands,  shale  oils,  residue  upgrading  processes  or 
biomass.  Combinations  of  various  hydrocarbonaceous  feedstocks  can  also  be  employed.  The  hydrocar- 
bonaceous  feedstock  will  generally  be  such  that  a  major  part,  say  over  50  %wt,  has  a  boiling  point  above 
370  "  C.  The  present  process  can  be  used  with  feedstocks  containing  nitrogen.  Typical  nitrogen  contents 
are  in  the  range  of  up  to  5000  ppmw.  Nitrogen  contents  may  start  from  50  ppmw.  The  feedstock  will 

40  generally  also  comprise  sulphur  compounds.  The  sulphur  content  will  usually  be  in  the  range  of  from  0.2  to 
6  %wt. 

As  to  the  process  conditions  in  the  hydrocracking  process,  the  temperature  is  preferably  from  250  to 
500  '  C,  in  particular  from  280  to  440  '  C,  the  pressure  from  30  to  300  bar,  in  particular  from  40  to  170  bar, 
the  space  velocity  from  0.1  to  10  kg/l/h,  in  particular  from  0.3  to  2  kg/1/h,  and  the  hydrogen/oil  ratio  from 

45  100  to  5000  Nl/kg,  in  particular  from  200  to  2000  Nl/kg. 
The  catalyst  according  to  the  present  invention  can  be  employed  in  any  hydrocracking  process,  such 

as  a  single-stage  hydrocracking  process,  e.g.  under  relatively  mild  conditions  (pressure  of  30  to  80  bar),  a 
series-flow  hydrocracking  process,  and  a  two-stage  hydrocracking  process. 

The  invention  will  further  be  elucidated  by  means  of  the  following  Examples. 
50 

EXAMPLE  1 

A  zeolite  Y  base  material  (157.9  g),  with  a  loss  on  ignition  of  24.0  %wt,  having  a  unit  cell  size  of  2.416 
55  nm  determined  by  X-ray  diffraction  (ASTM  D-3942-80),  and  an  aluminium  content  of  0.5  %wt,  determined 

by  27AI-NMR,  in  the  zeolite  structure  (supplied  by  Conteka  BV),  was  mixed  with  40.0  g  hydrated  alumina 
with  a  loss  on  ignition  of  25.7  %wt.  To  the  mixture  68.0  ml  of  an  aqueous  solution  containing  5.78  g  NiO  in 
the  form  of  nickel  nitrate  and  18.02  g  of  WO3  in  the  form  of  ammonium  metatungstate  and  4.5  g  of  acetic 
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acid,  was  added.  After  mulling  the  mixture  obtained,  it  was  extruded.  The  extrudates  were  dried  at  120  °C 
for  2  hours  and  calcined  at  500  *  C  for  2  hours.  After  the  calcination,  a  catalyst  was  obtained  with  2.6  %wt 
nickel  and  8.2  %wt  tungsten,  calculated  as  metal  on  total  catalyst.  The  weight  ratio  zeolite  Y/alumina  was 
80/20. 

EXAMPLE  2 

The  catalyst  as  described  in  Example  1,  i.e.  catalyst  1,  was  subjected  to  a  hydrocracking  experiment 
w  involving  a  vacuum  gas  oil  with  an  initial  boiling  point  of  205  *  C,  a  50  %wt  boiling  point  of  428  °  C,  and  a 

final  boiling  point  of  598  *  C.  The  catalyst  was  first  subjected  to  a  presulphiding  step  by  heating  the  catalyst 
in  a  H2S/H2  atmosphere  to  370  '  C.  Then  the  catalyst  was  tested  in  a  1:1  dilution  with  0.2  mm  SiC  particles 
in  a  hydrogen  atmosphere  under  the  following  operating  conditions:  a  space  velocity  of  1.1  kg/1.h,  a  total 
pressure  of  130  bar,  a  H2S  partial  pressure  of  1.4  bar  and  a  gas/feed  ratio  of  1,000  Nl/kg.  The  experiment 

rs  was  carried  out  in  a  once-through  operation. 
The  catalyst  performance  was  compared  with  a  hydrocracking  catalyst  2,  prepared  in  the  same  manner 

as  described  in  Example  1  ,  but  starting  from  a  zeolite  Y  with  a  unit  cell  size  of  2.433  nm  (aluminium  content 
in  the  zeolite  structure  4.0  %wt).  This  catalyst  2  also  contained  2.6  %wt  nickel,  8.2  %wt  tungsten  and  had  a 
zeolite/alumina  ratio  of  80/20. 

20  The  catalysts  were  compared  at  two  conversion  levels:  one  level  such  that  50  %wt  of  the  30.0  °C* 
material  was  converted  to  products  with  lower  boiling  point  and  another  level  such  that  70  %wt  thereof  was 
converted.  The  results  of  the  experiments  involving  catalysts  1  and  2  are  indicated  in  the  Table  below.  In 
the  Table,  the  "temperature  required"  means  the  temperature  to  obtain  the  desired  conversion  level. 

25  "  TABLE 

Experiment  No.  1 2   3  4 

Catalyst  No.  1  .1  2  2 
Conversion  level,  %wt  50  70  '  50  70 

Distribution  of  300  '  C~  product,  %wt 

C1-*  4  6  5  6 
C5-130  °C  34  42  33  44 
130  "C-300  °C  62  52  62  50 
Temperature  required,  °  C  332  343  315  325 

30 

35 

From  the  above  experiments  it  is  apparent  that  the  catalyst  according  to  the  present  invention  shows 
cracking  activity  and  when  used  in  a  hydrocracking  process  yields  either  less  gas  (cf.  experiments  1  and  3) 
or  produces  more  middle  distillates  (cf.  experiments  2  and  4)  than  the  prior  art  catalyst. 

40 

Claims 

1.  Hydrocracking  catalyst  comprising  a  zeolite  Y  base  material  and  at  least  one  hydrogenating 
component  of  a  Group  8  metal  and/or  at  least  one  hydrogenating  component  of  a  Group  6b  metal,  which 
zeolite  Y  base  material  has  a  unit  cell  size  below  2.419  nm. 

2.  Catalyst  according  to  claim  1,  in  which  the  zeolite  Y  base  material  has  a  unit  cell  size  of  2.380  to 
2.419  nm. 

3.  Catalyst  according  to  claim  1  or  2,  in  which  the  zeolite  Y  base  material  has  an  aluminium  content  of  1 
to  0.001  %wt,  calculated  on  total  zeolite  Y  base  material. 

4.  Catalyst  according  to  any  one  of  claims  1-3,  which  further  comprises  a  refractory  oxide. 
5.  Catalyst  according  to  claim  4,  in  which  the  refractory  oxide  has  been  selected  from  the  group 

consisting  of  alumina,  silica,  silica-alumina,  zirconia,  thoria,  titania,  magnesia  and  mixtures  thereof. 
6.  Catalyst  according  to  claim  4  or  5,  in  which  the  amount  of  refractory  oxide  is  from  10-  90  %wt,  based 

on  the  total  of  zeolite  Y  base  material  and  refractory  oxide. 
7.  Catalyst  according  to  any  one  of  claims  1-6,  in  which  the  group  8  metal  is  nickel,  cobalt,  platinum, 

45 

50 

55 
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palladium  or  a  mixture  thereof. 
8.  Catalyst  according  to  any  one  of  claims  1-7,  in  which  the  group  6b  metal  is  molybdenum,  tungsten  or 

a  mixture  thereof. 
9.  Catalyst  according  to  any  one  of  claims  1-8,  in  which  the  group  8  metal  is  present  in  an  amount  of 

5  0.05  to  10  parts  by  weight  (pbw),  calculated  as  metal,  per  100  pbw  of  total  catalyst,  and  the  group  6b  metal 
is  present  in  an  amount  of  2  to  40  pbw,  calculated  as  metal,  per  100  pbw  of  total  catalyst. 

10.  Use  of  a  catalyst  according  to  any  one  of  claims  1-9  in  a  hydrocracking  process. 
1  1  .  Process  for  the  conversion  of  a  hydrocarbonaceous  feedstock  into  products  with  a  lower  average 

boiling  point,  comprising  contacting  the  feedstock  in  the  presence  of  hydrogen  with  a  catalyst  according  to 
10  any  one  of  claims  1-9,  at  elevated  temperature  and  pressure. 

12.  Process  according  to  claim  11,  in  which  the  temperature  is  from  250  to  500  °C,  the  hydrogen 
pressure  is  from  30  to  300  bar,  the  space  velocity  is  from  0.1  to  10  kg/1  .h  and  the  hydrogen/feedstock  ratio 
is  from  100  to  5000  Nl/kg. 
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