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Description 

The  present  invention  relates  to  a  process  for  producing  large  quantities  of  heartcut  distillate  resin 
precursors.  More  particularly,  the  present  invention  is  directed  to  a  two-stage  process  for  the  production  of 

5  heartcut  distillate.  Specifically  the  present  invention  is  directed  to  a  two-stage  heartcut  distillate  process 
wherein  the  first  stage  involves  hydrogenation  of  a  hydrocarbon  oil  composed  primarily  of  two-ring  aromatic 
molecules  to  form  large  quantities  of  partially  saturated  naphtheno-aromatic  molecules  and  the  second 
stage  involves  subjecting  the  hydrogenated  oil  to  a  steam  cracking  process  under  conditions  which  favor 
producing  a  heartcut  distillate  containing  an  amount  greater  than  4  wt.%  yield  of  heartcut  distillate  resin 

io  precursors. 
Heartcut  distillate  (HCD)  resin  precursors  are  an  important  and  valued  by-product  of  ethylene  produc- 

tion  by  steam  cracking.  These  precursors  are  reactive  aromatic  molecules,  examples  of  which  include 
styrene,  vinyl-toluene,  indene  and  methyl  indene.  Yields  of  HCD  resin  precursors  produced  by  using 
conventional  cracking  processes  on  standard  feedstocks  vary  from  1-4%. 

75  Catalytic  hydrogenation  is  a  process  well-known  in  the  art  used  for  the  improvement  in  the  petroleum 
refining  process.  It  has  been  applied  to  a  variety  of  precursor  feeds  that  are  intermediates  in  various  stages 
of  refining  including  heavy  petroleum  fractions,  asphaltene-rich  feeds,  aromatic-rich  fractions  and  dripolene 
light-gas  oils  to  improve  the  production  of  hydrocarbon  oil  products,  alkenylbenzene  compounds,  and  other 
products  useful  to  the  art,  for  example,  as  disclosed  in  U.S.  Patents  3,689,401;  3,692,858;  3,844,932;  and 

20  4,565,620.  Catalytic  hydrogenation  is  also  used  prior  to  thermal  steam  cracking  in  a  two-step  process 
known  in  the  art  as  an  efficient  means  of  producing  olefins  as  disclosed  in  U.S.  Patent  4,188,281  light 
olefins,  as  disclosed  in  U.S.  Patent  4,500,416,  and  monoaromatic  hydrocarbons  as  disclosed  in  U.S.  Patent 
4,022,681. 

The  present  invention  relates  to  processes  and  methods  for  producing  high  yields  of  HCD  resin 
25  precursors. 

In  general,  the  processes  and  methods  for  producing  heartcut  distillate  in  accordance  with  the  present 
invention  involve  subjecting  a  hydrocarbon  feed  rich  in  2-ring  aromatic  structures,  such  as  a  steam  cracked 
gas  oil  (SCGO)  product,  to  steam  cracking  under  conditions  which  favor  producing  a  heartcut  distillate 
containing  an  amount  greater  than  4  wt.%,  and  preferably  greater  than  15%,  yield  of  heartcut  distillate 

30  (HCD)  resin  precursors,  wherein  the  aromatic  oil  is  hydrogenated  to  produce  a  hydrogenated  naphtheno- 
aromatic  product  prior  to  steam  cracking. 

In  one  embodiment,  the  present  invention  is  directed  to  a  process  for  producing  heartcut  distillate  which 
involves  hydrogenating  a  hydrocarbon  oil  comprising  two-ring  aromatic  molecules  to  form  a  hydrogenated 
hydrocarbon  oil  comprising  partially  saturated  naphtheno-aromatic  molecules;  and  subjecting  a  feedstock 

35  comprising  such  hydrogenated  hydrocarbon  oil  to  steam  cracking  under  conditions  which  favor  producing  a 
heartcut  distillate  containing  an  amount  greater  than  about  4  wt.%  yield  of  heartcut  distillate  resin 
precursors. 

In  accordance  with  the  present  invention,  the  feedstock  is  substantially  devoid  of  paraffinic  feedstocks 
and  the  steam  cracking  is  performed  in  a  manner  so  as  to  substantially  avoid  co-feeding  additional 

40  paraffinic  feedstocks.  Preferably,  the  hydrocarbon  oil  is  an  aromatic  oil  selected  from  the  group  consisting 
of  steam  cracked  gas  oil,  light  cat  cycle  oil,  and  light  coker  gas  oil,  and  more  preferably  is  an  aromatic  oil, 
such  as  a  steam  cracked  gas  oil  (SCGO),  having  a  boiling  range  of  about  215  °C  to  300  °C,  or  wherein  the 
two-ring  aromatic  molecules  are  selected  from  the  group  consisting  of  naphthalene,  and  naphthalene 
derivatives,  wherein  the  naphthalene  derivatives  are  selected  from  the  group  consisting  of  monomethylnaph- 

45  thalenes  and  dimethylnaphthalenes,  or  the  two-ring  aromatic  molecule  is  tetralin.  Most  preferably,  the 
amount  of  heartcut  distillate  resin  precursors  produced  by  the  process  in  accordance  with  the  present 
invention  is  greater  than  15  wt.%. 

In  another  embodiment,  the  present  invention  is  directed  to  a  method  for  producing  heartcut  distillate 
which  involves  subjecting  a  hydrogenated  hydrocarbon  feedstock  boiling  in  the  range  of  about  200  °C  to 

50  320  °  C  to  steam  cracking  under  conditions  which  favor  producing  a  heartcut  distillate  containing  an  amount 
greater  than  about  4  wt.%  yield  of  heartcut  distillate  (HCD)  resin  precursors,  preferably  wherein  the 
feedstock  includes  naphtheno-aromatic  molecules,  or  has  a  boiling  range  of  about  215  °C  to  300  °C,  or  is  a 
member  selected  from  the  group  consisting  of  steam  cracked  gas  oil,  light  cat  cracked  oil,  and  light  coker 
gas  oil,  and  is  more  preferably  steam  cracked  gas  oil  having  2-  ring  aromatic  structures  wherein  the  2-ring 

55  aromatic  structures  are  members  selected  from  the  group  consisting  of  naphthalene  and  naphthalene 
derivatives,  and  the  naphthalene  derivatives  are  members  selected  from  the  group  consisting  of  mon- 
omethylnaphthalenes  and  dimethylnaphthalenes. 
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In  yet  another  embodiment,  the  present  invention  is  directed  to  a  method  for  producing  heartcut 
distillate  which  involves  subjecting  a  hydrotreated  steam  cracked  gas  oil  (SCGO)  product  to  steam  cracking 
under  conditions  which  favor  producing  a  heartcut  distillate  containing  an  amount  greater  than  about  4  wt.% 
yield  of  heartcut  distillate  (HCD)  resin  precursors,  preferably  wherein  the  amount  of  HCD  is  greater  than  15 

5  wt.%.  In  accordance  with  this  embodiment,  SCGO  is  hydrogenated  to  produce  an  hydrogenated  SCGO 
product,  prior  to  steam-cracking. 

For  purposes  of  the  processes  of  the  present  invention,  as  described  above,  hydrogenation  is 
preferably  performed  in  the  presence  of  a  catalyst,  such  as  a  noble  metal  catalyst  on  a  support,  eg.  AI2O3, 
or  a  bimetallic  catalyst  which  is  composed  of  at  least  one  metal  selected  from  Group  VI  of  the  Periodic 

10  Table  and  at  least  one  metal  selected  from  Group  VIII  of  the  Periodic  Table,  preferably  wherein  the  metal 
from  Group  VI  is  selected  from  the  group  consisting  of  molybdenum  and  tungsten,  which  is  preferably 
sulfided.  Preferably,  the  hydrogenating  is  performed  at  a  temperature  within  the  range  of  about  260  -  390  °C 
(500°  -  750°);  under  a  pressure  within  the  range  of  250  -  2,500  psig  (1723  -  17237  Kpa),  in  the  presence  of 
hydrogen  within  the  range  of  about  500-5,000  SCF/bbl;  at  a  liquid  hourly  space  velocity  within  the  range  of 

15  about  0.1  -  3.0  V/H/V,  and  the  conditions  of  steam-cracking  comprise  temperatures  greater  than  704  °C 
(1300°F),  which  are  preferably  within  the  range  of  about  760  °C  (1400°F)  -  982  °C  (1800°F),  and  more 
preferably,  are  within  the  range  of  about  760  -  871  °C  (1400°F  to  1600°F).  In  accordance  with  the  present 
invention,  the  conditions  of  steam-cracking  include  steam  present  in  a  ratio  of  about  0.1:  to  2.0:1  steam  to 
hydrocarbon,  and  a  residence  time  of  in  the  range  of  about  0.1  to  1.0  second. 

20  The  Figure  annexed  hereto  is  a  flow  diagram  of  a  process  in  accordance  with  the  present  invention. 
In  accordance  with  the  present  invention,  a  two-step  process  has  been  developed  which,  when  applied 

to  steam-cracked  gas  oils  (SCGO),  produces  greater  than  15  wt.%  yields  of  HCD  resin  precursors. 
The  first  step  of  the  process  in  accordance  with  the  present  invention  involves  the  catalytic  hydrogena- 

tion  of  an  aromatic  feed  suitable  for  hydrogenation  to  form  naphtheno-aromatics.  A  particularly  useful 
25  aromatic  feed  suitable  for  hydrogenation  to  form  naphtheno-aromatics  is  steam  cracked  gas  oil  (SCGO) 

product  normally  having  a  boiling  range  of  about  215  °C  to  about  300  °C  and  is  rich  in  2-ring  aromatic 
structures,  including  naphthalene  and  its  derivatives,  such  as  mono  and  dimethylnaphthalenes.  Other 
potentially  useful  aromatic  rich  feeds  include  the  appropriate  boiling  range  material  from  catalytic  (cat) 
cracking  and  coking  processes.  These  streams  are  typically  referred  to  as  light  cat  cycle  oil  and  light  coker 

30  gas  oil.  Although  conventional  in  the  art  as  used  herein  "light  cat  cycle  oil"  is  that  product  stream  boiling  in 
the  range  of  about  200  0  C  to  340  0  C  obtained  from  the  cat  cracking  of  hydrocarbon  oils  as  widely  practiced 
in  the  petroleum  refining  industry.  The  chemistry  of  the  cat  cracking  process  results  in  the  production  of 
high  aromatic  content  liquid  products  boiling  above  200  0  C  which  are  useful  precursors  for  the  process  to 
make  HCD  described  herein.  Another  petroleum  refining  process  which  results  in  the  production  of  high 

35  aromatic  content  oils  is  the  coking  process.  The  liquid  product  from  the  coking  process  boiling  in  the  range 
of  about  200  °C  to  340  °C  is  typically  referred  to  as  light  coker  gas  oil  and  is  also  a  useful  hydrocarbon 
precursor  stream  for  the  production  of  HCD  by  the  process  claimed  herein. 

This  hydrogenation  is  performed  using  conventional  technology  and  yields  a  liquid  product  with  high 
concentrations  of  naphthenoaromatic  molecules,  such  as  tetralin. 

40  The  hydrogenation  catalyst  employed  should  be  suitable  for  effecting  partial  saturation  of  aromatics  to 
form  naphtheno-  aromatics.  Typically,  therefore,  the  hydrogenation  catalyst  is  bimetallic  containing  at  least 
one  metal  from  Periodic  Table  Group  VI  and  at  least  one  metal  from  Periodic  Table  Group  VIII,  but  may 
contain  other  metals.  In  a  preferred  form,  the  Group  VI  metal  is  molybdenum  or  tungsten,  the  Group  VIII 
metal  is  cobalt  or  nickel,  and  the  catalyst  is  sulfided.  In  a  more  preferred  form,  the  catalyst  is  sulfided 

45  Ni:MoAI203. 
The  hydrogenation  step  is  performed  at  a  temperature  within  the  range  of  204  -  485  0  C  (400  0  F  -  950  0 

F),  and  preferably  at  260  -  390  0  C  (500  0  F.  -  750  0  F).  with  286  -  338  0  C  (550  0  F.  to  650  0  F).  being  more 
preferred.  The  pressure  used  is  within  the  range  of  1723  -  17273  Kpa  (250  -  2500  psig),  preferably  758  - 
4137  Kpa  (400-600  p.s.i.g).  Hydrogen  is  used  at  200-15,000  SCF/bbl,  preferably  from  500-3000  SCF/bbl, 

50  and  most  preferably  1000  to  2000  SCF/bbl.  The  liquid  hourly  space  velocity  is  0.1-3.0  V/H/V,  preferably 
from  0.8-2.0  V/H/V  and  most  preferably  1  .0  to  1  .5  V/H/V. 

The  hydrogenation  process  described  above  is  well  known  technology  and  many  variations  of  process 
conditions  and  catalyst  selection  are  routinely  practiced  within  the  petroleum  and  chemical  industries.  The 
publication  entitled  "Catalytic  Processes  and  Proven  Catalysts"  by  C.  L.  Thomas  (Academic  Press,  New 

55  York,  1970)  is  one  of  many  references  one  can  use  to  define  catalysts  and  conditions  useful  to  perform  the 
desired  partial  saturation  of  aromatic  molecules  useful  for  the  production  of  hydrogen  donor  diluent  (HCD) 
molecules  as  described  herein. 
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In  the  second  step,  the  resultant  feedstock  is  subjected  to  a  conventional  steam-cracking  process.  The 
steam  cracking  process  to  produce  light  olefins  and  concomitant  by-products,  such  as  HCD,  used  for 
purposes  of  the  present  invention  may  be  any  of  the  well  known  conventional  processes,  notwithstanding 
that  steam  cracking  process  conditions  and  feedstocks  vary  considerably  depending  on  plant  location  and 

5  feedstock  availability.  Thus,  the  process  of  the  present  invention  as  applied  to  steam  cracking  processes  as 
described  herein  to  produce  heartcut  distillate  is  particularly  advantageous  because  the  present  invention  is 
completely  compatible  with  existing  commercial  plant  operations  and  can  be  effected  easily  within  the 
process  capabilities  of  any  steam  cracking  plant  capable  of  feeding  naphtha  and/or  gas  oil  feedstocks.  A 
steam  cracking  process  suitable  for  use  in  accordance  with  the  present  invention  is  described  in  the 

io  publication  entitled  "Manufacturing  Ethylene"  by  S.  B.  Zdonik  et  al.  (oil  and  Gas  Journal).  As  described, 
steam  cracking  may  be  performed  at  temperatures  greater  than  704  °C  (1300°  F),  preferably  760  -  926  °C 
(1400°  F.  -1700°  F),  and  most  preferably  760  -  898  °C  (1400°  F  to  1650°  F),  with  steam  present  in  a 
steam  to  hydrocarbon  ratio  of  0.1:1  to  2.0:1.  Residence  time  for  the  cracking  reaction  is  typically  in  the 
range  of  about  0.01  to  about  5  seconds  and  preferably  in  the  range  of  about  0.1  to  about  1  second.  Typical 

is  feeds  for  conventional  liquid  steam  crackers  are  virgin  and  hydrotreated  liquid  feedstocks  ranging  from  light 
naphthas  to  heavy  vacuum  gas  oils.  For  the  present  invention,  feedstocks  boiling  in  the  range  of  200  °C  to 
320  °C  and  rich  in  naphtheno-  aromatic  molecules  are  preferred  steam  cracker  feeds  to  produce  HCD 
product  in  amounts  greater  than  about  4%  and  preferably  greater  than  15  wt.%  based  on  the  hydrocarbon 
feed  to  the  steam  cracking  process. 

20  The  process  for  the  present  invention  will  be  described  in  reference  to  the  attached  Figure  1.  The 
process,  in  general,  is  conventional  steam  cracking  of  hydrocarbons  to  produce  light  olefins  and  a  myriad  of 
by-products  including  heart-cut  distillate.  Feedline  10  supplies  the  feedstock  to  a  conventional  steam 
cracking  furnace  12.  The  effluent  from  the  furnace  is  cooled  prior  to  introduction  into  a  series  of  recovery 
distillation  towers.  Tower  16  is  normally  referred  to  as  the  primary  fractionator  and  is  used  to  separate  the 

25  C+  minus  gases  through  line  18  from  the  liquid  by-products.  Line  20  is  used  to  recover  light  liquid  products 
having  a  boiling  range  from  about  60  °C  to  220  °C.  A  heart-cut  fraction  boiling  from  about  160°C  to  220  °C 
from  this  stream  can  be  recovered  via  line  30  by  subsequent  fractionation  in  a  tower  26.  The  next  heavier 
cut  normally  recovered  via  line  22  is  a  steam  cracked  gas  oil  (SCGO)  product  with  a  typical  boiling  range  of 
about  220  °C  to  300  °C.  In  the  present  invention,  this  cut  is  stored  in  tank  34  and  subsequently  fed  via  line 

30  36  to  a  conventional  hydrofiner  40  for  conversion  of  the  mainly  two  ring  aromatics  contained  in  the  SCGO 
cut  to  naphtheno-aromatics.  In  another  embodiment  of  this  invention,  external  aromatic  rich  feeds  from,  for 
example,  cat  crackers  or  cokers  can  be  fed  to  the  hydrofiner  via  line  38.  The  effluent  from  the  hydrofiner  is 
then  fed  to  the  steam  cracker  via  line  42  for  cracking  to  produce  a  product  having  a  large  quantity  of 
heartcut  distillate  product  30. 

35  The  final  product  of  this  process  contains  greater  than  4  wt.%  and  preferably  greater  than  15  wt.%  HCD 
resin  precursors. 

In  the  following  examples,  the  steam  cracking  pyrolysis  yields  were  obtained  using  a  laboratory  test 
apparatus  which  has  been  shown  to  give  yield  patterns  similar  to  that  obtained  in  commercial  steam 
cracking  processes.  The  heart-cut  distillate  (HCD)  product  described  in  the  following  examples  is  repre- 

40  sented  by  the  summation  of  the  respective  yields  of  styrene,  vinyl-  toluenes,  indene  and  methyl-indenes 
contained  in  the  C5  plus  liquid  product  from  the  steam  cracking  process. 

EXAMPLE  1 

45  In  this  example,  two  pyrolysis  yield  patterns  are  presented  for  two  different  gas  oil  feedstocks  typical  to 
that  which  may  be  used  as  commercial  feedstocks.  Feed  No.  1  is  a  gas  oil  that  has  not  been  subjected  to 
hydrofining,  whereas  Feed  No.  2  is  the  hydrofined  equivalent  gas  oil  after  being  subjected  to  hydrodesul- 
furization  using  a  conventional  hydrofining  process.  This  example  compares  the  pyrolysis  yield  patterns  of 
commonly  used  liquid  feedstocks  in  the  steam  cracking  process,  and  also  compares  the  yield  effects  of 

50  hydrofining  of  conventional  feedstocks  relative  to  un-hydrofined  feedstocks.  The  selected  yields  presented 
in  the  following  table  were  obtained  using  a  simple  laboratory  apparatus,  as  described  below,  which  has 
been  shown  to  give  yield  patterns  comparable  to  yield  patterns  that  are  obtained  in  commercial  steam 
cracking  processes. 

The  apparatus  used  in  accordance  with  the  present  invention  is  a  continuous  flow  tubular  reactor  in 
55  which  hydrocarbon  feed  is  mixed  with  inert  gas  diluent  and  then  preheated  in  the  first  part  of  the  reactor  to 

about  500  °C  and  then  passed  through  the  high  temperature  cracking  zone,  which  is  typically  held  in  the 
range  of  about  700  0  C  to  900  0  C,  to  effect  the  cracking  reactions  to  produce  the  desired  light  olefin  products 
as  well  as  the  desired  by-products,  such  as  HCD.  Conditions  are  selected  to  control  the  conversion  and 

4 
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product  selectivities  desired.  For  one  skilled  in  the  art  of  steam  cracking  chemistry,  such  a  unit  can  be  used 
to  study  a  wide  range  of  possible  feedstocks  and  conditions  useful  for  modeling  the  steam  cracking 
process.  The  apparatus  used  to  produce  the  data  presented  in  this  and  the  following  examples  has  been 
shorn  to  produce  yield  results  comparable  to  that  observed  in  production  line-scale  plants  and  is  thus  a 

5  useful  research  tool  to  model  the  production  line-scale  process. 

Table  1 

YIELD,  WT.  %  ON  FEED 

Feed  No.:  1  2 

PRODUCT: 

Ethylene  19.65  21.19 
Propylene  11.94  12.36 
Sum  C+  minus  54.24  57.05 
Sum  C5  plus  45.76  42.95 
SCN  (C5  to  221  •  C  (430  •  F)  1  9.01  22.29 
SCGO  221  to  273  •  C  (430  •  F  to  525  •  F)  5.22  3.73 
SCT  273  °  C  (525  °  F)  plus)  21.53  16.93 
Sum  HCD  3.16  3.30 

The  yield  data  indicates,  in  one  case,  the  advantage  of  hydrofining  steam  cracker  feedstocks,  i.e.,  the 
yields  from  the  hydrofined  feed  (No.  2)  of  valuable  C+  minus  gas  and  SCN  liquid  products  are  enhanced 
relative  to  the  products  from  the  un-hydrofined  feedstock  (No.  1).  This  demonstrates  a  known  advantage  for 
hydrofining  feedstocks  for  the  steam  cracking  process.  However,  the  yield  data  also  indicates  that  little 
advantage  is  gained  by  hydrofining  for  the  production  of  HCD  product.  The  yields  of  valuable  HCD 
molecules  are  essentially  equivalent  for  these  two  feeds.  Thus,  this  example  demonstrates  the  significant 
advantage  of  the  present  invention  in  producing  large  quantities  of  desirable  heart-cut  distillate  resin 
precursors. 

EXAMPLE  2 

In  this  example,  a  comparison  of  pyrolysis  yields  from  two  model  compounds  has  been  made  in  order 
to  demonstrate  the  importance  of  using  feedstocks  rich  in  naphtheno-  aromatics  in  the  production  of  large 
quantities  of  HCD  product  by  steam  cracking.  In  the  following  table,  selected  yields  from  cracking  the 
model  compounds,  tetralin  (1,  2,  3,  4-tetrahydronaphthalene)  and  decalin  (decahydronaphthalene),  are 
compared.  The  yields  obtained  by  cracking  these  two  model  compounds  were  about  95%.  These  results 
were  obtained  in  the  same  laboratory  apparatus  and  procedure  used  in  example  1  . 

Table  2 

YIELD,  WT.  %  ON  FEED 

Model  Feed:  Tetralin  Decalin 

PRODUCT: 

Ethylene  3.20  18.27 
Propylene  0.20  6.55 
Sum  C+  minus  7.82  43.25 
Sum  C5  plus  92.18  56.75 
SCN  (221  •  C  (430  •  F)  minus)  91  .02  56.75 
SCGO  (221  •  C  (430  •  F)  plus)  1.16  0.00 
Sum  HCD  22.96  3.75 

The  yields  from  these  two  model  compounds  are  markedly  different.  The  fully  saturated  compound, 
decalin,  cracks  to  a  yield  slate  not  too  dissimilar  from  the  yields  presented  in  Example  1  which  are  typical 
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of  normal  liquid  feedstocks  for  steam  cracking.  In  contrast,  the  partially  saturated  naphtheno-aromatic 
compound,  tetralin,  has  a  significantly  different  yield  pattern.  As  can  be  seen  in  the  above  table,  tetralin 
cracks  to  very  little  minus  (CV)product,  but  makes  a  significant  amounts  of  valuable  HCD  product.  This 
example  demonstrates  the  value  of  steam  cracking  naphtheno-  aromatic  molecules  to  produce  high  yields 

5  of  HCD  molecules.  Also,  tetralin  makes  significantly  more  HCD  product  than  either  of  the  typical  steam 
cracker  feedstocks  described  in  example  1  . 

EXAMPLE  3 

io  In  the  following  table  selected  yields  from  the  cracking  of  three  model  feeds  are  compared.  All  three 
feeds  were  cracked  under  identical  reaction  conditions  in  the  same  apparatus  as  used  in  examples  1  and  2. 
The  first  feed  is  the  paraffin,  n-heptane.  The  second  feed  is  tetralin  and  the  third  feed  is  an  admix  of  these 
two  feeds  with  the  composition  of  75%  n-heptane  and  25%  tetralin.  Also  included  in  the  table  are  the  yields 
calculated  by  linearly  blending  the  yields  from  cracking  pure  n-heptane  and  tetralin  in  the  75/25  feed  ratio 

is  and  the  apparent  yield  from  tetralin  in  the  admixture  if  the  n-heptane  yields  are  backed  out  of  the  admixed 
yield  slate. 

Table  3 

20  YIELD,  WT.  %  ON  FEED 

Yield  Slate  No.:  1  2  3  4  5 

Product: 

25  Ethylene  36.40  2.82  28.01  29.86  10.24 
Propylene  16.89  0.24  12.73  14.09  5.69 
Total  C+  minus  79.98  7.42  61  .84  67.38  29.58 
Total  C5  plus  20.02  92.58  38.16  32.62  70.42 
Total  HCD  1.00  24.46  6.87  3.30  10.20 

30 Note:  In  above  Table  the  yield  slates  are  identified  as  follows: 
Yield  slate  No.  1:  100%  n-heptane  feed. 
Yield  slate  No.  2:  100%  tetralin  feed. 
Yield  slate  No.  3:  Calculated  linear  blend  of  n-heptane  and  tetralin  assuming  there  is  no  interrelated 

35  chemical  effects  due  to  the  simultaneous  cracking  of  the  two  reactants.  Calculated  by  multiplying  yield 
from  n-heptane  (Yield  slate  No.  1)  by  0.75  and  adding  yield  from  tetralin  (Yield  slate  No.  2)  multiplied  by 
0.25. 
Yield  slate  No.  4:  Actual  admix  yields  from  cracking  a  mixture  of  75%  n-heptane  and  25%  tetralin. 
Yield  slate  No.  5:  Calculated  apparent  yields  of  tetralin  if  weighted  yields  from  n-heptane  (Yield  slate  No. 

40  1)  are  backed  out  of  the  measured  yields  of  the  admix  feed  (Yield  slate  No.  4)  and  the  yields  are  then 
renormalized  to  100%. 

In  the  above  table,  Yield  Slate  No.  3  represents  the  expected  weight-averaged  yields  if  the  two 
45  reactants,  n-heptane  and  tetralin,  were  to  chemically  crack  according  to  their  respective  yield  patterns  when 

cracked  pure.  However,  when  the  actual  yields  obtained  by  admix  cracking  (Yield  slate  4)  are  compared  to 
the  calculated  hypothetical  yields  (Yield  slate  3),  it  is  evident  that  substantial  effects  on  the  cracking 
chemistry  occur  due  to  the  admix  cracking  process.  In  particular,  the  measured  results  show  significantly 
more  C+  minus  product  formed  by  admix  cracking  then  expected  if  no  synergistic  effects  occur  due  to  the 

50  co-  cracking  of  the  two  reactants.  Also,  admix  cracking  produces  less  than  50%  of  the  expected  HCD 
product  (3.30%  vs.  expected  6.87%).  The  admix  Yield  Slate  No.  4)  approaches  that  normally  seen  with 
typical  liquid  steam  cracker  feeds  as  seen  by  comparing  yield  slate  No.  4  with  the  yields  presented  in 
example  1  above.  A  comparison  of  the  calculated  apparent  yield  slate  (No.  5)  from  the  tetralin  portion  of  the 
admixture  to  the  pure  tetralin  yield  slate  (No.  2)  clearly  shows  the  dramatic  effect  of  co-cracking  a 

55  naphtheno-aromatic  molecule  with  a  hydrogen  rich  molecule  like  n-  heptane.  Co-cracking  results  in  much 
greater  formation  of  ethylene  and  propylene  and  other  C+  minus  light  products  and  significantly  less  C5 
plus  product  including  HCD  product. 
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This  example  demonstrates  that  the  yield  of  HCD  product  as  well  as  the  entire  yield  slate  from  cracking 
naphtheno-aromatic  feeds  can  be  influenced  by  admix  cracking  naphtheno-aromatic  with  more  paraffinic 
feeds. 

This  example  also  demonstrates  the  unexpected  importance  of  segregated  cracking  of  naphtheno- 
5  aromatic  feedstocks  if  high  yields  of  HCD  product  are  desired.  This  example  also  illustrates  that  the  product 

distribution  from  cracking  naphtheno-aromatic  feeds  can  be  selectively  controlled  by  cocracking  these  feeds 
with  hydrogen  rich  feeds,  such  as  paraffins,  when  less  HCD  and  other  C5  (C5+)  plus  molecules  are 
desired.  This  example  illustrates  a  general  advantage  for  co-cracking  a  hydrogen  deficient  feedstock  with  a 
hydrogen  rich  feedstock,  to  result  in  high  yields  of  light  products  when  desired. 

10 
EXAMPLE  4 

This  Example  is  directed  to  a  two-step  process  to  produce  first  a  feedstock  rich  in  naphtheno-aromatic 
molecules  and  then  in  a  second  step  to  steam  crack  this  feed  to  produce  large  quantities  of  HCD  product. 

15  In  a  typical  steam  cracking  process,  a  by-product  of  the  desired  cracking  reactions  to  form  light  olefins, 
such  as  ethylene  end  propylene,  is  a  C5  +  liquid  fraction  of  broad  boiling  range.  This  liquid  product  is 
known  to  be  highly  aromatic  in  nature.  The  liquid  product,  which  boils  in  the  range  of  about  215  °C  to 
300  °C,  is  known  to  contain  large  quantities  of  two  ring  aromatics,  such  as  naphthalene  and  substituted 
naphthalenes,  e.g.  methyl-naphthalenes.  This  boiling  range  material  is  herein  referred  to  as  steam  cracked 

20  gas  oil  (SCGO).  SCGO  is  an  ideal  feed  source  for  producing  naphtheno-  aromatics  by  conventional 
hydrotreating  processes.  For  this  example,  SCGO  was  obtained  from  a  commercial  steam  cracker  located 
in  Cologne,  west  Germany  and  subjected  to  a  hydrotreating  process  to  produce  a  feedstock  rich  in 
naphtheno-aromatic  molecules.  For  example,  the  hydrotreated  SCGO  contained  abut  30%  tetralin  which 
was  formed  by  the  hydrogenation  of  contained  naphthalene  during  the  hydrotreatment  process. 

25  The  conditions  for  this  particular  hydrotreating  procedure  were  as  follows:  reactor  pressure  (38  barg); 
inlet  temperature  (335  °C);  LHSV  (1.0  hr_1);  and  hydrogen  to  oil  ratio  (1500  scf/barrel  liquid  feed).  The 
catalyst  used  in  the  hydrotreating  step  was  sulfided  NiMoAI203,  which  is  a  standard,  well-known  catalyst 
useful  to  effect  hydrotreating  reactions.  Notwithstanding  the  use  of  such  conditions,  however,  there  are  a 
wide  range  of  process  conditions  and  catalysts  known  by  those  skilled  with  hydrotreating  processes  which 

30  are  suitable  to  hydrogenate  aromatic  molecules  to  produce  predominately  the  partially  hydrogenated 
naphtheno-aromatic  and  the  above  conditions  and  catalyst  choice  should  thus  not  be  considered  restrictive 
to  the  purpose  of  this  invention.  At  the  previously  described  conditions,  the  hydrotreating  step  increased  the 
hydrogen  content  of  the  SCGO  feed  by  2.4%. 

In  a  second  step  the  hydrogenated  SCGO  was  subjected  to  steam  cracking  reactions  in  the  same 
35  reactor  apparatus  used  in  the  previous  examples.  Following  are  selected  yields  from  this  study. 

Table  4 

YIELD,  WT.  %  ON  FEED 

Hydrogenated  SCGO  Feed:  Run  1  Run  2 

PRODUCT: 

Ethylene  9.28  9.89 
Propylene  4.83  5.14 
Sum  C+  minus  27.44  29.19 
Sum  C5  plus  72.56  70.81 
SCN  (221  •  C  (430  •  F)  minus)  49.08  49.74 
SCGO  (221  0  C  to  300  0  C)  20.21  18.77 
SCT  (300  •  C  plus)  3.27  2.30 
Sum  HCD  18.12  18.62 

The  above  table  indicates  that  a  hydrogenated  aromatic  stream,  such  as  hydrogenated  SCGO,  is  an 
excellent  steam  cracking  feedstock  if  high  yields  of  HCD  product  are  desired.  An  HCD  yield  of  over  18%  is 
significantly  higher  than  the  approximately  3%  yield  obtained  with  conventional  steam  cracker  feeds  as 
shown  in  yields  as  shown  in  example  1  . 

This  example  demonstrates  a  two-step  process  in  which  a  highly  aromatic  stream  containing  predomi- 
nantly  2-ring  aromatic  molecules  which,  in  the  first  step,  is  hydrotreated  to  form  a  large  concentration  of 
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naphtheno-aromatic  molecules  and  in  the  second  step,  is  steam  cracked  to  result  in  a  final  product  slate 
from  the  two-step  process  that  is  rich  in  HCD  product. 

Claims 
5 

1.  A  process  for  producing  heartcut  distillate  comprising: 
a)  hydrogenating  a  hydrocarbon  oil  comprising  two-ring  aromatic  molecules  to  form  a  hydrogenated 
hydrocarbon  oil  comprising  partially  saturated  naphthenoaromatic  molecules;  and 
b)  subjecting  a  feedstock  comprising  said  hydrogenated  hydrocarbon  oil  to  steam  cracking  under 

io  conditions  which  favor  producing  a  heartcut  distillate  containing  an  amount  greater  than  about  4 
wt.%  yield  of  heartcut  distillate  resin  precursors. 

2.  The  process  as  defined  by  claim  1,  wherein  said  feedstock  is  substantially  devoid  of  paraffinic 
feedstocks. 

15 
3.  The  process  as  defined  by  claim  2,  wherein  said  hydrocarbon  oil  is  a  steam  cracked  gas  oil  (SCGO). 

4.  The  process  as  defined  by  claim  3,  wherein  said  steam  cracked  gas  oil  has  a  boiling  range  of  215°  C  to 
330  •  C. 

20 
5.  The  process  as  defined  by  claim  3,  wherein  said  two-ring  aromatic  molecules  are  selected  from 

monomethylnaphthalenes,  dimethylnaphthalenes  and  tetralin. 

6.  The  process  as  defined  by  any  of  claims  1  to  5,  wherein  said  amount  of  heartcut  distillate  resin 
25  precursors  is  greater  than  15  wt.%. 

7.  The  process  as  defined  by  any  of  claims  1  to  6,  wherein  said  conditions  of  steam-cracking  comprise 
temperatures  greater  than  704  °  C  (1  300  °  F). 

30  8.  The  process  as  defined  by  claim  7,  wherein  said  temperature  are  within  the  range  of  from  760  °  C  to 
982  'C  (1400  'F  to  1800  •  F). 

9.  The  process  as  defined  by  claim  8,  wherein  said  temperatures  are  within  the  range  of  from  760  °  C  to 
699  'C  (1400  'F  to  1650  •  F). 

35 
10.  The  process  as  defined  in  any  of  claims  1  to  9,  wherein  said  conditions  of  steam-cracking  comprise 

steam  present  in  a  ratio  of  from  0.1:  to  2.0:1  steam  to  hydrocarbon. 

11.  The  process  as  defined  by  any  of  claims  1  to  10,  wherein  said  conditions  of  steam-cracking  further 
40  comprise  a  residence  time  of  in  the  range  of  from  0.1  to  1.0  second. 

12.  A  method  for  producing  heartcut  distillate  comprising: 
subjecting  a  hydrogenated  hydrocarbon  feedstock  boiling  in  the  range  of  about  200  °  C  to  320  °  C  to 

steam  cracking  under  conditions  which  favor  producing  a  heartcut  distillate  containing  an  amount 
45  greater  than  about  4  wt.%  yield  of  heartcut  distillate  (HCD)  resin  precursors. 

13.  The  method  of  claim  12,  wherein  said  feedstock  comprises  naphtheno-aromatic  molecules. 

14.  The  method  of  claim  12  or  claim  13,  wherein  said  hydrogenated  hydrocarbon  feedstock  is  prepared 
50  from  a  hydrocarbon  oil  as  defined  in  any  of  claims  3  to  5. 

15.  The  method  of  any  of  claims  12  to  14,  wherein  the  steam  cracking  conditions  are  as  defined  in  any  of 
claims  7  to  1  1  . 

55  Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Herzschnittdestillat,  bei  dem 
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a)  ein  Kohlenwasserstoffol,  das  aromatische  Molekule  mit  zwei  Ringen  umfaBt,  hydriert  wird,  um  ein 
hydriertes  Kohlenwasserstoffol  zu  bilden,  welches  teilweise  gesattigte  naphtheno-aromatische  Mole- 
kule  umfaBt,  und 
b)  ein  Einsatzmaterial,  das  dieses  hydrierte  Kohlenwasserstoffol  umfaBt,  unter  Bedingungen  einem 

5  Dampfcracken  unterworfen  wird,  die  die  Herstellung  eines  Herzschnittdestillats  begunstigen,  das 
eine  Menge  von  mehr  als  etwa  4  Gew.%  Ausbeute  an  Herzschnittdestillat-Harzvorlaufern  enthalt. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das  Einsatzmaterial  im  wesentlichen  frei  von  paraffinischen 
Einsatzmaterialien  ist. 

10 
3.  Verfahren  nach  Anspruch  2,  bei  dem  das  Kohlenwasserstoffol  ein  dampfgecracktes  Gasol  (SCGO)  ist. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  das  dampfgecrackte  Gasol  einen  Siedebereich  von  215  °C  bis 
330  °  C  hat. 

15 
5.  Verfahren  nach  Anspruch  3,  bei  dem  die  aromatischen  Molekule  mit  zwei  Ringen  ausgewahlt  sind  aus 

Monomethylnaphthalinen,  Dimethylnaphthalinen  und  Tetralin. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  bei  dem  die  Menge  an  Herzschnittdestillat-Harzvorlaufern 
20  groBer  als  15  Gew.%  ist. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  bei  dem  die  Dampfcrack-Bedingungen  Temperaturen  von 
mehr  als  704  °  C  (1  300  °  F)  umfassen. 

25  8.  Verfahren  nach  Anspruch  7,  bei  dem  die  Temperaturen  im  Bereich  von  760  °C  bis  982  °C  (1400°F  bis 
1800°F)  liegen. 

9.  Verfahren  nach  Anspruch  8,  bei  dem  die  Temperaturen  im  Bereich  von  760  °C  bis  899  °C  (1400°F  bis 
1650°F)  liegen. 

30 
10.  Verfahren  nach  einem  der  Anspruche  1  bis  9,  bei  dem  die  Dampfcrack-Bedingungen  umfassen,  dal3 

Dampf  in  einem  Verhaltnis  von  0,1  bis  2,0:1  Dampf  zu  Kohlenwasserstoff  vorhanden  ist. 

11.  Verfahren  nach  einem  der  Anspruche  1  bis  10,  bei  dem  die  Dampfcrack-Bedingungen  auBerdem  eine 
35  Verweilzeit  in  Bereich  von  0,1  bis  1,0  Sekunden  umfassen. 

12.  Verfahren  zur  Herstellung  von  Herzschnittdestillat,  bei  dem  ein  hydriertes  Kohlenwasserstoffeinsatzma- 
terial,  das  im  Bereich  von  etwa  200  °C  bis  320  °C  siedet,  unter  Bedingungen  einem  Dampfcracken 
unterworfen  wird,  die  die  Herstellung  eines  Herzschnittdestillats  begunstigen,  das  eine  Menge  von  mehr 

40  als  etwa  4  Gew.%  Ausbeute  an  Herzschnittdestillat  (HCD)-Harzvorlaufern  enthalt. 

13.  Verfahren  nach  Anspruch  12,  bei  dem  das  Einsatzmaterial  naphtheno-aromatische  Molekule  umfaBt. 

14.  Verfahren  nach  Anspruch  12  oder  Anspruch  13,  bei  dem  das  hydrierte  Kohlenwasserstoffeinsatzmateri- 
45  al  aus  einem  Kohlenwasserstoffol  gemaB  einem  der  Anspruche  3  bis  5  hergestellt  worden  ist. 

15.  Verfahren  nach  einem  der  Anspruche  12  bis  14,  bei  dem  die  Dampfcrack-Bedingungen  gemaB  einem 
der  Anspruche  7  bis  11  sind. 

50  Revendicatlons 

1.  Procede  de  production  d'un  distillat  de  coeur,  comprenant  les  etapes  consistant  : 
a)  a  hydrogener  une  huile  hydrocarbonee  comprenant  des  molecules  aromatiques  bicycliques  pour 
former  une  huile  hydrocarbonee  hydrogenee  comprenant  des  molecules  naphteno-aromatiques 

55  partiellement  saturees  ;  et 
b)  a  soumettre  une  charge  d'alimentation  comprenant  ladite  huile  hydrocarbonee  hydrogenee  a  un 
craquage  a  la  vapeur  d'eau  dans  des  conditions  qui  favorisent  la  production  d'un  distillat  de  coeur 
contenant  une  quantite  superieure  a  environ  4  %  en  poids  de  precurseurs  de  resine  de  distillat  de 
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coeur. 

2.  Procede  suivant  la  revendication  1  ,  dans  lequel  la  charge  d'alimentation  est  pratiquement  depourvue  de 
charges  paraffiniques  d'alimentation. 

5 
3.  Procede  suivant  la  revendication  2,  dans  lequel  I'huile  hydrocarbonee  est  un  gas-oil  de  craquage  a  la 

vapeur  d'eau  (GOCV). 

4.  Procede  suivant  la  revendication  3,  dans  lequel  le  gas-oil  de  craquage  a  la  vapeur  d'eau  possede  une 
w  plage  d'ebullition  de  21  5  °  C  a  330  °  C; 

5.  Procede  suivant  la  revendication  3,  dans  lequel  les  molecules  aromatiques  bicycliques  sont  choisies 
entre  des  monomethylnaphtalenes,  des  dimethylnaphtalenes  et  la  tetraline. 

is  6.  Procede  suivant  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  la  quantite  de  precurseurs  de 
resine  de  distillat  de  coeur  est  superieure  a  15  %  en  poids. 

7.  Procede  suivant  I'une  quelconque  des  revendications  1  a  6  dans  lequel  les  conditions  de  craquage  a  la 
vapeur  d'eau  comprennent  des  temperatures  superieures  a  704  °C  (1300°F). 

20 
8.  Procede  suivant  la  revendication  7,  dans  lequel  les  temperatures  sont  comprises  dans  I'intervalle  de 

760  °C  a  982  'C  (1400°  F  a  1800  °F). 

9.  Procede  suivant  la  revendication  8,  dans  lequel  les  temperatures  sont  comprises  dans  I'intervalle  de 
25  760  °C  a  699  °C  (1400  °F  a  1650  °F). 

10.  Procede  suivant  I'une  quelconque  des  revendications  1  a  9,  dans  lequel  les  conditions  de  craquage  a 
la  vapeur  d'eau  comprennent  la  presence  de  vapeur  d'eau  en  un  rapport  de  la  vapeur  d'eau  a 
I'hydrocarbure  de  0,1:1  a  2,0:1. 

30 
11.  Procede  suivant  I'une  quelconque  des  revendications  1  a  10,  dans  lequel  les  conditions  de  craquage  a 

la  vapeur  d'eau  comprennent  en  outre  un  temps  de  sejour  compris  dans  I'intervalle  de  0,1  a  1,0 
seconde. 

35  12.  Procede  de  production  d'un  distillat  de  coeur,  comprenant  les  etapes  consistant  : 
a  soumettre  une  charge  hydrocarbonee  hydrogenee  d'alimentation  bouillant  dans  la  plage  d'environ 

200  °  C  a  320  °  C  a  un  craquage  a  la  vapeur  d'eau  dans  les  conditions  qui  favorisent  la  production  d'un 
distillat  de  coeur  contenant  une  quantite  superieure  a  environ  4  %  en  poids  de  precurseurs  de  resine 
de  distillat  de  coeur  (DC). 

40 
13.  Procede  suivant  la  revendication  12,  dans  lequel  la  charge  d'alimentation  comprend  des  molecules 

naphteno-aromatiques. 

14.  Procede  suivant  la  revendication  12  ou  la  revendication  13,  dans  lequel  la  charge  d'hydrocarbure 
45  hydrogene  d'alimentation  est  preparee  a  partir  d'une  huile  hydrocarbonee  repondant  a  la  definition 

suivant  I'une  quelconque  des  revendications  3  a  5. 

15.  Procede  suivant  I'une  quelconque  des  revendications  12  a  14,  dans  lequel  les  conditions  de  craquage 
a  la  vapeur  d'eau  sont  telles  que  definies  dans  I'une  quelconque  des  revendications  7  a  11. 
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